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NITROGENOUS SOIL CONSTITUENTS AND THEIR
BEARING ON SOIL FERTILITY.

INTRODUCTION.

For some years past a survey of the organic matter of the soil

from the standpoint of biochemistry has been under way. The object

has been to determine definitely as many constituents of the soil as

possible, and while this was tedious in the beginning, as no methods
of any kind existed for such work, the results have nevertheless been
very promising in the last year or two, and as many as 35 different

compounds have been isolated and identified. The definite recogni-

tion of these compounds has led to a fuller understanding of the chem-
istry of the organic matter of soils and of the biochemical changes

taking place therein. It is not the purpose of the present bulletin to

enter into this phase of the discussion, but rather to confine itself

closely to the effect which a certain group of these soil constituents

have on plant growth. It should be mentioned, however, that the

compounds isolated cover a wide range of chemical substances of bio-

logical origin. They are represented by the hydrocarbons, consisting

or carbon and hydrogen only, by oxygenated compounds like the

acids, fats, resins, alcohols, esters, and waxes, consisting of carbon,

hydrogen, and oxygen, as well as by a large group of nitrogenous com-

pounds that consist of carbon, hydrogen, oxygen, and nitrogen. These

nitrogen compounds contain the nitrogen combined in different forms,

as, for instance, with carbon only, as the amino group NH2 , or as the

imino group NH. Most of the compounds isolated from the soil are

decomposition products of proteins, nucleo-proteins, nucleic acids,

lecithins, and similar complex nitrogenous compounds of biological

origin.

The nitrogenous soil constituents isolated or determined in this

laboratory up to the present time are : Creatinine, with the probability

that creatine also exists; hypoxanthine, xanthine, guanine, adenine,

choline, histidine, arginine, nucleic acid, and picoline carboxylic acid.

The chemistry and method of isolation and identification of most of

these are fully described in other bulletins. 1 The present bulletin is

chiefly concerned with their effect on crops.

i Buls. Nos. 53, 74, 83, 88, and 89, Bureau of Soils, U. S. Dept. of Agr.
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As many as possible of these and related compounds have been

studied in regard to their effect on plant growth, in most cases quite

extensively. The first soil nitrogen compound studied in respect to

its effect on plants was found to be moderately harmful. This was
the picoline carboxylic acid studied in 1907. Since then tl^e above
isolated nitrogenous compounds have been thoroughly studied in

respect to their effect on growth, and the results uniformly show a

more or less marked beneficial effect. This will be shown in this bul-

letin, as will also the fact that the plant absorbs these and other

organic soil constituents and is affected by them in its life functions

beneficially or adversely, as the case may be.

DISCUSSION OF THE RESULTS.

DIRECT ABSORPTION OF ORGANIC SOIL CONSTITUENTS.

There can be little, if any, doubt that organic constituents of the

soil or nutrient solution are absorbed directly by the roots of plants

and enter into the cells, reacting with the cell contents and producing

effects which differ according to the nature of the compound absorbed.

By this direct absorption is meant, not the simple absorption occa-

sioned by the replacement of the liquid lost by the plant through

transpiration, as is the case in the transfusion of certain dyes in plants

when immersed in dye solutions, but rather the physiological absorp-

tion by passage through the membranes of the cell wall. The func-

tion through which plants absorb organic soil constituents is in every

respect similar to that exhibited by plants with the mineral nutrients.

In order to prevent misunderstanding in regard to what we mean by
direct absorption of organic soil constituents, it will be well to discuss

here briefly the absorption from the soil waters of mineral nutrients

by plants, as this subject is by no means as clear as it should be and

because a clear understanding of this is also necessary for the correct

interpretation of the analytical results in this work.

Many writers in agricultural literature seem to be under the

impression that the only way that a plant can get the nutrients from

a solution is to use all the water it can in building tissue and to lose

the remainder by transpiration, so as to obtain the necessary nutrients

dissolved in the soil water or nutrient solution. In other words, that

the plant maintains a current of water entering at the root as the

nutrient solution and leaving the plant as pure water at the leaf sur-

faces, that is, by transpiration or evaporation. From their arguments

it follows that if a half-strength solution is presented to the plant it

will have to take up and transpire twice as much water to obtain the

same nutrients. In other words, the plant is supposed to absorb the

mineral constituents in the same concentration as the solution in

which the roots bathe. This is, however, not in accordance with the
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facts. The plant has greater difficulty in obtaining the mineral ele-

ments from the weaker solution, but it does not accomplish this by
expending the extra energy involved in transpiring double the amount
of water. It accomplishes the same end through the process of

absorption, by which it is able to take in each cubic centimeter of

water that it absorbs a greater concentration of minerals than is con-

tained in the original solution, with the result that the original culture

or soil solution becomes weaker in these constituents, that is, the

solution loses its mineral nutrients faster than it does its water. For

this reason culture solutions must be frequently changed in experi-

mental work if the concentration is to be maintained within reason-

able limits, and in the case of the soil solution in situ it must be resup-

plied by solution from the store of fertilizer elements in the soil or by
movement of the solution itself, and possibly also by movement of

the root by growth into new territory. In our own cultural work we
found it desirable to make the change of solution at least every three

days, as in this time a considerable change had taken place in the 80

parts per million concentrations used. For instance, the loss of water

from a 250 c. c. solution during this 3-day period is only about 10

per cent, whereas the analysis of the solution after supplying this

water showed the mineral nutrients to be reduced from 80 to as

low as 23.8 parts per million, or a decrease of 70 per cent. 1 It is

obvious that the plants have taken the nutrients faster than the

water, and this under conditions of good growth.

Not only does the absorbing power of the root enable the plant

to take more nutrients per cubic centimeter of water absorbed than

is contained in the same volume of the soil solution, but it also

enables the plant to obtain a different ratio of the mineral nutrients

for its use than exist in the nutrient solution. 2

These facts are extremely important, as they show that the

absorbing power of the plant is not regulated by the amount of

transpiration, but rather by the life processes within the plant and

the requirements of these life processes. While the plant possesses

the power to absorb more readily those constituents it needs in its

Letabolism, it is, nevertheless, not able to wholly exclude undesir-

able or useless constituents, and thus it happens that it even absorbs

those which interfere with its growth or normal development.

The purpose of the above presentation in regard to absorption of

mineral nutrients by plants from soil or culture solution is to make
clear that the process is connected with and is a part of the general

metabolic processes of plants, that the absorbed material did not get

into the plant wholly as the result of its happening to be in the water

absorbed, but is absorbed faster, and in some cases slower, than this

i Bui. 70, Bureau of Soils, fig. 5.

s This fact is made clear by fig. 7 and the accompanying text in Bureau of Soils Bulletin No. 70.
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water, and that when it passes through the membranes possessing

these properties of absorption it reacts on the cell contents in a

favorable or unfavorable manner, as the case may be, influencing,

at any rate, the life processes of the plant itself. This kind of absorp-

tion might well be called physiological absorption to distinguish it

from the other similar terms used in soil and plant work.

This property of plants to absorb the mineral constituents from

the soil solution is held by us to be in nowise different in respect to

the soluble organic constituents of the soil solution, and this, it is

believed, will be amply shown in the present bulletin.

That plant roots can affect organic substances externally has been

repeatedly shown by the work in this laboratory and elsewhere, and

it is therefore possible that organic substances may also influence the

plant itself through this external action. It was shown, for instance,

in Bulletins Nos. 56 and 73 that organic substances could be acted

upon by the oxidizing power of the root. The yellow aloin is changed

to red, the colorless phenolphthalin to red, the colorless compounds
or-naphthylamine, benzidine, etc., to colored compounds deposited on

the exterior of the root. Even the harmful but colorless compound
vanillin was changed to a purple compound deposited on the root,

the solution itself becoming weaker and weaker in vanillin, and

finally losing its harmful property. It must therefore be granted

that through such an external action the plant itself may be affected

in its normal development. In the great majority of cases, however,

that have come under our observation it must be concluded that the

organic substance is absorbed—it certainly disappears from solution

in such cases as can be tested—and does not produce its effects until

after it has entered the plant cells, there reacting with the contents

of the cells and thus affecting the normal life process of the plant,

favorably or unfavorably, as the case may be.

In the case of the soil constituent dihydroxystearic acid the normal

metabolism is greatly disturbed. 1 From this point of view its effect

has not been fully studied biochemically, but enough has already

been learned of its action to fully substantiate the statement that

the metabolism of the plant is forced out of the normal. This is

strikingly shown by the decreased absorption of plant nutrients,

although these were present in the culture solution in plentiful

amounts in perfectly soluble form; further, that a differentiation in

the absorption of the separate nutrients, phosphate, potash, and

nitrate, was brought about, a proportionately greater nitrate con-

sumption being evident with the plants affected by dihydroxystearic

acid. It would seem that such a change in plant metabolism could

only be explained on the assumption that the soil compound pro-

i See Bui. No. 70.
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duced a reaction within the plant itself, after absorption from soil or

nutrient solution.

The specific effects produced by organic compounds must also be

taken into consideration. Some of the compounds studied have

produced a more marked effect on plant roots than on the green

parts of plants. For instance, vanillin affects roots more than tops,

dihydroxystearic acid affects both roots and tops, while pyridine and

picoline affect the green parts more than the roots. While the

action on the roots might possibly be explained on the assumption

of exterior action, the effect on the tops is not readily explainable in

this manner, especially not in those cases where the roots are left

entirely normal while the tops are injured. This is perhaps most
strikingly illustrated by those cases where specific results are pro-

duced by the organic substances. One of these is the action of

cumarin. This compound has so specific an effect that the experi-

menter can pick out cumarin-affected plants at a glance. The
greatly stunted tops, with short broad leaves and much distorted

and thickened stems of the wheat seedlings, are very characteristic.

In strong contrast to this action of cumarin is the action of quinone,

which produces long, thin, slender plants, equal in size to the normal

growth, but considerably less in weight. This different reaction of

the plant to these two compounds must be due to the direct absorp-

tion of the compound accompanied by a disturbed metabolism.

This, in fact, is made more probable by the behavior of the plants

in regard to the simultaneous absorption of nutrient minerals. The
cumarin-affected plants absorbed relatively more phosphate, the

quinone plants relatively more potash. Moreover, the plant growth,

and presumably the general metabolism, was rendered more normal

in the case of the cumarin-affected plants by the addition of phos-

phate, in the case of the quinone-affected plants by the addition of

potash. In the case of the soil constituent dihydroxystearic acid this

more normal development was produced by the addition of nitrate.

A still better illustration that an organic compound-is absorbed by
plants, producing strongly marked changes in its metabolism and

physiological behavior, amounting practically to what might be

termed a physiological disease of the plant, is found in guanidine,

given in this bulletin. The roots in this case are apparently

unaffected. The green parts of the plants are affected by small

spots of a bleached appearance, which develop and spread, ulti-

mately producing a weakened plant, the leaves of which break at

the stem, wilt, and die. The phenomenon is not unlike that produced

by disease. This effect of guanidine is only explainable on the

assumption of its absorption by the plant and its action on the

normal metabolism or function of the plant protoplasm.
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The cases cited are sufficient to show that organic substances, like

inorganic poisons, such as the heavy metals, for instance, are absorbed

by plants and react with the protoplasm of the plant.

DIRECT ASSIMILATION OF ORGANIC SOIL CONSTITUENTS.

The physiological effects mentioned in the last section indicate that

the substances worked within the plant. The physiological effects

there cited are mainly detrimental to growth and to proper functions

of the plant. There are, however, many organic substances that

exhibit ho detrimental effect, but rather produce an increase in

growth and altogether a better plant development. The compounds
studied and found to have this beneficial property have been almost

entirely nitrogenous compounds and the question of their direct use

by the plant is an important one on account of the importance of

nitrogen in plant metabolism. The isolation and discovery of

organic nitrogen compounds in soils made a study of their properties

in this respect absolutely necessary and the results obtained throw

much light upon the question of the relationship between soil organic-

matter and crop growth.

WHEN NITRATES ARE ABSENT.

Creatinine has a beneficial effect on growth. Its solutions in pure

water produced an increased growth over plants growing in pure

water without creatinine. A more extended study showed that when
combined with phosphate and potash this nitrogenous soil con-

stituent gave in solution cultures an increased growth. This increased

growth was observed in each and every culture, no matter what the

proportion of potash and phosphate. The average effect in such

cultures was an increase hi plant growth of 36 per cent. This in-

crease in growth must be ascribed to creatinine, and, like the effects

produced by the detrimental compounds after absorption by the

plant, these beneficial effects should be attributed to action within

the plant after absorption. It is certain that creatinine disappears

from solution in the course of the experiment, as we were able to

trace its diminution in the course of three days from 50 parts per mil-

lion to 5 parts per million, using the method of Folin for this pur-

pose. The next question considered was its change to creatine,

which would not have responded to this test. Boiling with hydro-

chloric acid, which would revert the creatine to creatinine, failed,

however, to reveal any increase in the creatinine content of the

culture solutions; hence this possibility is excluded. Tests made
by means of the delicate nitrite reagent of Griess, gave only nega-

tive results, and tests for nitrate by means of the phenoldisulphonic

acid test likewise showed the absence of airy nitrate.
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Ammonia was tested for by means of Nesslers reagent, and while

hot completely absent, only traces were found, which, however,

was also the case in the control cultures. It follows that the creati-

nine had not changed to creatine, but had disappeared from solu-

tion without the production of nitrite, nitrate, or ammonia, and
hence must have been absorbed by the wheat plants as such, what-

ever its fate may have been after absorption.

Moreover, if the change had been one to creatine, this would not

have explained the increased growth any better, although it would
have explained the diminution of creatinine in the cultures. For
creatine, when tested, behaved in exactly the same manner as

creatinine toward plants, producing in solution cultures, with potash

and phosphate added, an increase of 44 per cent, again without the

production of nitrite, nitrate, or ammonia.

Furthermore, the formation of nitrate is practically excluded in

solution cultures of this kind, and ammonia, if formed, would not

have had an effect even approximating that produced by these soil

constituents in the solution cultures.

In the case of all the other compounds studied the solution cul-

tures were tested for nitrites, nitrates, and ammonia, and always

with the same result, total absence of nitrites and nitrates, and only

traces of ammonia, except in one case. This was leucine, which

apparently decomposes readily, with the formation of ammonia. It

is noteworthy and significant in this connection that the leucine cul-

ture solutions containing the ammonia had only a very moderate

effect on plant growth, far less than those produced by creatinine or

the other soil compounds studied.

Histidine and arginine, both of which are protein decomposition

products of the soil, showed this same increase in plant growth, pot-

ash and phosphate being already present; the increase was 30 and

33, respectively. Nucleic acid, and its nitrogenous decomposition

product, hypoxanthine, likewise showed an increase of 74 and 41

per cent, respectively. The other xanthine bases, xanthine and

guanine, while not so completely studied, show, nevertheless, the

same behavior as do also several other nitrogenous compounds not

yet found in soils, notably, asparagine, which produced an increase

of 47 per cent.

WHEN NITRATES ARE PRESENT.

The above results were obtained by the addition of compounds to

the solutions containing phosphate and potash, but no nitrate, so

that the compounds were the only source of nitrogen. When
nitrates were also present the addition of the compounds produced a

further increase hi growth, but this was not as marked as when no

nitrate whatever is supplied. For instance, in the culture series in
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which 8 parts per minion of NH3 as nitrate was present, the com-

pounds mentioned above produced the additional growth of 17 per

cent with creatinine, 11 per cent with creatine, 14 per cent with his-

tidine, no increase with arginine, 23 per cent with nucleic acid, 14

per cent with hypoxanthine, and 14 per cent with asparagine. It is

obvious that the additional effect attributable to the organic com-
pounds is not as great when some nitrate is supplied. As more
nitrate is supplied the effect in the cultures containing the organic

compounds becomes still less noticeable.

If this were the only information at hand, one would be justified

in concluding that the plant absorbed and utilized the organic com-

pound only when it could not get nitrate, and that when this is sup-

plied in sufficient quantity the compound is rejected, or at least not

utilized. This supposition is, however, negatived by two experi-

mentally determined facts. First, that in the case of creatinine,

where such a test was possible, this compound was shown to disappear

from solution fully as fast from those cultures which contained plenty

of nitrates as from those which contained none, thus showing that

under both conditions the creatinine was absorbed by the plants.

Second, by the results of the analyses of the nutrient solutions dur-

ing growth. These analyses established the fact that the plants

consumed more nitrate when the nitrogenous compounds were absent

than they did when the compounds were present. This behavior

was shown by all of the above compounds. It seems from this that

the plants absorb and use such nitrogenous soil constituents whether

nitrate be present or not, the effect on growth being much more

marked in the limiting case, where no nitrate was present, and that

in the other cases the compounds replaced the effect of nitrate in

producing growth.

CHEMICAL CONTROL OF EXPERIMENTS.

It will be clear from the above remarks that the culture work was

throughout under strict chemical control, so as to establish as defi-

nitely as possible that the effects on the plants noted were produced

by the absorption of the compounds as such. Nitrite, nitrate, or

ammonia were tested for and found to be absent, or, in the case of

ammonia, in traces only, and the removal of the compound itself

was substantiated by chemical tests when this was possible.

Although neither nitrate, nitrite, nor ammonia was found, the

plants, nevertheless, grew remarkably well and the only conclusion

justified by this experimental evidence is that these compounds are

directly absorbed and assimilated. With the strict chemical control

exercised, all possibility of any extended action by bacterial or other

external biological agencies seems excluded. If such effects were

produced in these experiments, they were of only minor significance
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in the results obtained. Bacteria and other microorganisms were

excluded as far as possible, but no special effort was made to main-

tain absolutely sterile conditions, inasmuch as this would have been

a practical impossibility in experiments on so large a scale, involving

over a thousand plants in a single test. Moreover, it may even

appear questionable whether absolute sterility, as being too artifi-

cial a condition for the determination of the effect of soil constitu-

ents on plants, would be desirable.

It would seem that chemical control under as normal conditions as

a cultural experiment will allow, is better than conducting the ex-

periment under the artificial condition of sterility, which, after all, is

made only so that biochemical changes be excluded. In our experi-

ments the bottles were sterilized before being used in making culture

solutions for the various changes, the pans and other apparatus used

in germinating the seed were sterilized from time to time, and corks

used for the cultures were always clean and sterilized before use.

Although all of these precautions were taken, it was of course not

possible to exclude some microorganisms in such work, as the solu-

tions were exposed from time to time to the air. There was no

excessive microorganic life noticeable with the single exception of

the leucine cultures already mentioned. While bacteria and other

microorganisms were present in the solutions to a slight extent, it can

hardly be said that their influence could have been large; that is,

such influence as they had was probably so slight as to be negligible

so far as the general and larger tendencies which are shown in this

bulletin to exist are concerned. Moreover, some very excellent data

with sterile pea cultures have recently been obtained by Hutchinson

and Miller, 1 which led these investigators to the conclusion that some
organic nitrogen compounds were available as sources of nitrogen,

even under sterile conditions. Their method of experimentation

was necessarily different from that used by us and was usually con-

fined to the growth of two pea plants in culture solutions under

sterile conditions, the nitrogenous compounds being added to the

culture solutions and the weighed plant analyzed, the increase in

total nitrogen being thus determined. Proceeding in this way, they

found that acetamide, urea, barbituric acid (with calcium carbonate)

,

and alloxan, are good sources of nitrogen, while formamide, glycocoll,

<2-aminopropionic acid, guanidine, hydrochloride, 2 cyanuric acid,

oxamide, and sodium aspartate are not so good. Several other com-

pounds were doubtful or even toxic.

1 Hutchinson, H. B., and Miller, N. H. J. The direct assimilation of inorganic and organic forms of

nitrogen by higher plants. Centralbl. f. Bakt., 30 513 (1911).

2 In our own work guanidine as carbonate is shown to be a strong poison to plant metabolism in the case

of wheat, corn, potatoes, and cowpeas. The peculiar effect of guanidine, namely, to produce bleached

spots, seems also to have occurred in the case of peas in the experiments of Hutchinson and Miller for they

mention that "the guanidine plants were the first to lose their color,"



14 NITEOGENOUS SOIL CONSTITUENTS AND SOIL FEBTILITY.

EXPOSITION OF THE MANNER IN WHICH THESE SOIL COMPOUNDS
ABE USED.

The soil compounds beneficial to growth—creatinine, creatine,

histidine, arginine, hypoxanthine, nucleic acid, as well as others

—

are among the unit parts of which the complex constituents of every

life cell are built; that is, they are the units obtained when one of the

complex proteins, nucleo-proteins, etc., are resolved into simpler

compounds by chemical means. Take, for instance, a nucleo-

protein. This complex can be split into a protein and a nucleic acid.

The protein can be further split into a number of smaller units which

are known as splitting products of protein or primary degradation

products. These units, or bricks out of which the complex structure

of the protein is built, comprise such compounds as histidine, arginine,

lysine, and others still simpler in composition. Tins process of taking

the complex molecule apart into these units is accomplished by fairly

simple means. To effect further decomposition of these units means
more deep-seated changes, an actual breaking up of the bricks them-

selves, as it were. In this process ammonia, acids, phenols, and the

like are formed. In the soil, as is well known, the ammonia is again

changed to nitrite and nitrate, and thus, according to most authorities,

the nitrogen cycle is completed and ready to start again on its mission

of producing plant protein.

Let us also trace the "building down" of the nucleic acid, which

was one of the component parts of the nucleo-protein used above as an

illustration. Like the protein part, nucleic acid yields smaller parts

or bricks. The unit bricks of the structure of nucleic acid comprise

such compounds as hypoxanthine, xanthine, guanine, adenine, cyto-

sine, pentose sugars, phosphoric acid, and others. All of those men-
tioned have been found in soils in the investigations of this laboratory.

Like the splitting products of the proteins, these compounds can and

do suffer further decomposition in the soil, the nitrogen appearing

first as ammonia, then nitrite, and nitrate as before; but again these

changes mean the breaking up of the unit bricks which composed the

nucleic acid structure.

The proteins, nucleo-proteins, and nucleic acid are essential to all

animal and vegetable growth. That the plant can build these com-

pounds with nitrate and ammonia as the source of the nitrogen has

been definitely shown for a long time. In the case of the animal it is

just as certain that it can not build up tissue with nitrate or ammonia
as the source of nitrogen. The animal obtains its nitrogen for

protein building from the organic nitrogen compounds of plants

or other animals. Hence has arisen the popular conception that

plants build up complex protein compounds from mineral salts, and

from mineral salts only; that is, that plants differ fundamentally in

their functions from animals.
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The animal in order to obtain the elements for building its own
protein, resolves by the process of digestion the protein materials of

ingested vegetable or animal food into the units or bricks above men-
tioned and then builds out of these units its own protein. If, in a

restricted diet, certain of these units are excluded, improper nutrition

results. All of the units must be potentially in the food of the animal

or be formed in the digestive tract.

While the plant is able to build up the complex protein substances

in its tissues from nitrate and even ammonia, it does not make tins

complicated chemical transformation in one step. While this process

is but little understood, it is certain that there must be intermediate

products, and that these are the same products as the degradation

units above mentioned is more than probable. Many of these, such as

histidine, arginine, asparagine, guanine, xanthine, etc., have been

found in plant tissues as such, and lately also creatine and creatinine

in this laboratory. It seems logical, therefore, that if the plant

absorbs such units of tissue building from the soil that it uses them
just as if they were produced within the plant itself. Nitrate (N03 )

presents nitrogen in a highly oxidized form. The nitrogen in organic

combination in the plant is always in a greatly reduced form, as NH
or NH

2 groups or even attached directly to carbon only. It follows

that much energy must be expended in causing tins chemical trans-

formation. This energy can be expended otherwise, and hence

plant efficiency is increased and growth augmented when the plant

obtains compounds which will serve as tissue builders directly from

the soil.

The results obtained in the cultural work with such nitrogenous

soil constituents lead us to suggest this theory in explanation of their

action when alone and in conjunction with nitrate, namely, that the

compounds are absorbed as such and utilized directly for building up
the proteins and the other complex nitrogenous constituents of

vegetable material. It seems reasonable to suppose that the unit

parts of the complex protein molecules, when presented to the plant,

mil be used by it in preference to expending energy on the nitrate to

prepare these units. If a soil be liberally supplied with all these

units, it is conceivable that good plant growth will result, even with-

out nitrate. If only a limited amount or kind of the units be present,

the plant must have nitrate with which to supply the missing units.

In the light of this theory, it is clear that a single compound or

brick can not be used to build the whole structure. Nitrate is, there-

fore, required for maximum effect, so that other compounds or units

can be formed. It is, of course, conceivable, and this conception

forms a part of this theory, that the plant enzymes may be able to

transform one of these units into other closely related units, such as,

for instance, the change from guanine or adenine to xanthine and
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hypoxanthine, respectively by deamidizing enzymes, 1 so that if

guanine only were presented to the plant it would by virtue of such
an enzyme, have available both guanine and xanthine, as well as

ammonium compounds. If, however, only a single compound or

brick is supplied, in the absence of other sources of nitrogen, there

should be a limit beyond which the plant can make no further use

thereof, because of the fact that the entire protein structure can not

be thus built up. Such a limit seems, in fact, to be reached when a

single compound is presented to the plant, as is shown by the following

experiment.

A series of culture solutions containing 25, 50, 100, 200, and 400

parts per million of histidine as carbonate were prepared. Each
culture of the series contained 32 parts per million of P

2 5 as calcium

acid phosphate and 48 parts per million of K
2

as potassium sulphate.

A second series contained creatinine and a third series contained

asparagine, the concentrations of these compounds ranging as before

from 25 to 400 parts per million. Wheat plants were grown and the

solutions renewed every three days. The plants grew from December

21, 1911, to January 3, 1912. The green weight obtained with wheat
seedlings in these culture solutions are recorded in Table I.

Table I.

—

Effect of histidine, creatinine, and asparagine, used in varying concentrations.

Culture
Concentration in p. p. m.

Green weight of culture in—

number.
Histidine. Creatinine. Asparagine.

1

Grams.
1.200
1.440
1.750
1.980
2.040
1.920

Grams.
1.200
1.650
1.800
1.790
1.720
1.610

Grams.
1.200

2 1.410

3 1.600

4... Nutrient solu tion+ 100 1.540

5 1.540

6 1.560

It will be noticed that growth was increased by all these compounds

with increasing concentration up to 50 or 100 parts per million,

beyond which practically no further increase took place. The plants

were getting all the histidine, creatinine, or asparagine that they

could economically use when 50 to 100 parts per million were pre-

sented in the culture solution. A concentration of 150 parts per

million can therefore be considered as fully covering the maximum
effect to be obtained from any one of these compounds in such an

experiment.

The next step, therefore, was to prepare culture solutions as above

but containing 150 parts per million of each of these substances, and

another culture solution which again contained 150 parts per million,

i See in this connection Jones and Austrian, Zeit. physiol. Chem., 48,110 (1906); Jour. Biol. Chem., 8,227

(1907).



Bui. 87, Bureau of Soils, U. S. Dept. of Agriculture. Plate I.

Fig. 1 .—Method of Germinating many Thousand Seedlings on Perforated Aluminum
Plates Floated on the Surface of Water by Means of a Sealed Glass Tube
Raft in a Porcelain-Lined Tank.

Fig. 2.—Method of Mounting the Seedlings in the Notched Corks.



Jul. 87, Bureau of Soils, U. S. Dept. of Agriculture. Plate II.
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but this time composed of 50 parts per million each of histidine,

creatinine, and asparagine. This mixture of the three compounds
was then tested against the equivalent concentration of the com-
pounds separately. The plants grew from January 10 to 23, 1912.

The green weights are given in Table II.

Table II.

—

Effect of histidine, creatinine, and asparagine, used singly and in combination.

Culture
number.

Culture solution.
Green
weight.

Nutrient solution (control)

Nutrient solution+histidine, 150 p. p. m.

.

Nutrient solution+creatinine, 150 p. p. m.
Nutrient solution+asparagine, 150 p. p. m.

[histidine, 50 p. p. m.

.

Nutrient solution+creatinine, 50 p. p. m.
[asparagine, 50 p. p. m.

Grams.
1.172
1.640
1.575
1.350

1.900

It will be seen that histidine, creatinine, and asparagine again

increased growth, and in the order named, but that when all three

were combined, although only one-third the amount of each was

present, the growth was nevertheless greater than the best of these.

In the light of the theory above expressed, this would mean that the

three different units were more useful to the plant than an equivalent

amount of any one kind.

The nitrogen content in these solutions bears no relation to the

plant growth observed. The nitrogen content of the histidine culture

was 40.6 parts per million, of the creatinine culture it was 55.8 parts

per million, and of the asparagine culture it was 31.8 parts per million.

The culture of all three compounds had 42.8 parts per million. It

was, therefore, greater than the asparagine culture, approximately

the same as the histidine, and considerably less than the creatinine

culture, while in growth it was greater than any of these. Moreover,

it is evident from a glance at Table I that there exists no relation

between nitrogen content and growth in regard to these different

compounds. Creatinine culture No. 2, for instance, containing 9.3

parts per million nitrogen, gave a growth which was not even equaled

by a nitrogen content as high as 84.8 parts per million in the asparagine

culture No. 6. The differences in the action of these compounds
?

either singly or in combination, is, therefore, due to an inherent

property in the compounds themselves which makes it impossible for

any one wholly to replace the other in plant metabolism.

APPLICATION OF THE RESULTS TO SOIL AND FERTILIZER STUDIES.

f Nitrogenous compounds of biological origin exist in soils, and most

of those here discussed are distinctly beneficial to crop growth. It

follows that their presence in soils is beneficial to crops, inasmuch as

the crop can use them, without first changing to ammonia, nitrite, or

50602°—Bull. 87—12 2
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nitrate, by further decomposition and synthesis. They appear to

be as beneficial as nitrate and were able to replace the latter in part.

It follows that a mere nitrate determination in the soil does not give

a complete valuation of its readily assimilable nitrogen, for it is con-

ceivable that nitrification may be low and yet appreciable quantities

of such beneficial nitrogenous compounds as histidine, hypoxan-
thine, creatinine, etc., be present. To alone lay stress on the nitrate

content in soils is obviously erroneous in the light of these results,

although it is not unlikely that their formation also goes hand in hand
with the production of these cleavage or splitting products of protein.

The nitrogenous fertilizers, such as dried blood, tankage, fish

scrap, etc., as well as the leguminous crops, as green manure, are

excellent sources of these compounds. To some extent they are

already contained in such fertilizers, but especially are they formed

during the process of decomposition in the soil. The results in this

bulletin make many field observations with such fertilizing material

clear, and show that the decomposition does not have to go on so far

as to change all nitrogen to ammonia and nitrates before such nitrog-

enous material becomes useful for plant growth. These facts are of

further significance in that such compounds are removed from the

soil with the greatest difficulty by drainage waters, whereas nitrates

are easily lost in this way if the plant does not remove them as fast

as formed. Nitrates do not last over from season to season, but

the organic compounds can do so and yet be ready for absorption

and use by plants at any time. In this form the nitrogen of the soil

is conserved, whereas excessive nitrification or even ammonification

may result in actual loss of the soil nitrogen by leaching.

The nonsymbiotic or symbiotic nitrogen fixing bacteria also fur-

nish just such compounds to soil and plants, and thus some light is

thrown on the effect of nodules in increasing so largely the growth of

those plants on which they occur. While the actual process of

fixing the nitrogen is but little understood, it is certain that com-

pounds of the nature of those here discussed are formed in the

nodules. It is to be regretted that so little attention has been paid

to the chemical nature of the nodules. The numerous investigations

made have confined themselves to the determination of total nitrogen

and ash constituents. Stoklasa, however, has found asparagine in

such nodules, and Sana * has found glycocoll in addition to asparagine.

A more extended investigation will doubtless disclose other compounds
of this nature. Both of these constituents are directly absorbed by
plants, and produced increased growth in our experiments. It

would seem logical to conclude that such compounds, produced by
organisms in the nodules, pass from these to the plants as such, and

i Journ. Chera. Soc, 98, n, 993 (1910).
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in harmony with the theory proposed in this bulletin, are used directly

for the production of more complex protein matter in the plant, just

as is done when such constituents are absorbed from solution or soil

by plant roots or produced within the plant itself from nitrates.

These compounds in nodules may, therefore, serve a similar function

in the direct nutrition of the plant by the nodules as that performed

by them when present in soil.

BENEFICIAL AND HARMFUL NITROGENOUS COMPOUNDS.

In the foregoing there has been presented in a general way the

action of those nitrogenous compounds which were beneficial to

plants, and the details of the investigations on which this was based

will be presented in the following sections of this bulletin. It must
not be inferred, however, that because the compounds discussed were

nitrogenous that all were found to be beneficial in our work, for this

is not the case. The soil constituent picoline carboxylic acid is

moderately harmful and the related uvitonic acid decidedly so.

Tyrosine, a splitting product of protein, is toxic to plants, and.neurine

is decidedly so. Picoline, piperidine, and pyridine are likewise toxic.

Guanidine is shown to be decidedly harmful to plants and to produce

a very marked effect on its metabolism, producing symptoms like

those of a disease.

The beneficial nitrogenous compounds are not equally beneficial,

and likewise the toxic compounds are not equally toxic. There is,

in fact, every gradation between the best and the worst of these, a

number of compounds being intermediate and possessing neither

property strongly—that is, having practically no noticeable effect.

The compounds can not be arranged in the order of their effective-

ness, and no rule concerning their action which can be based on their

chemical composition is available in our present state of knowledge.

It is, nevertheless, possible to classify them, although roughly, into

beneficial or harmful. A group, in which neutral and doubtful mem-
bers would have to be put, is, however, necessary if all the compounds
studied are to be included. Such a classification has been made and

is appended to this bulletin.

There have also been included other organic compounds which have

been studied in regard to their effect on plants in this laboratory, as

well as allied compounds tested by other investigators, only the

experiments with higher plants being considered. No attempt at

completeness has been made, although all the more modern and im-

portant work is included. We have confined ourselves (1) to com-

pounds found in soils in the investigations of this laborator}^; (2) to

compounds likely to occur in soils, but not yet found—that is, certain

plant constituents or their decomposition products; (3) compounds
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related to any of these, as well as some compounds which, for one
reason or another, have been often tested with higher plants in labo-

ratory or field in agricultural studies. The simple amines, hydro-

cyanic acid, chloroform, ether, the phenols, and many other com-
pounds on which the literature is very voluminous and the results

often indefinite, have been excluded, and the reader is referred to

standard textbooks on plant physiology for their action.

In the table the first column gives the name and formula of the

compound, the arrangement being alphabetical. The second column
gives the plant used in the test. The third column the effect of the

compound on the plant, whether beneficial, harmful, or doubtful, or

without effect. The fourth column gives the cultural method used;

that is, whether solution, soil, or sand was used. In the last column
appears some additional information regarding the tests.

In the second column, following the name of the plant used, is

given a number which refers to a correspondingnumber in the reference

list appended, giving the names of the investigators, the title of their

papers, and the places of publication. There is also appended a very

suggestive compilation of the occurrence of most of these constituents

in plants, with a statement of their chemical relationships.

EXPERIMENTAL METHODS.

CULTURE SOLUTIONS.

In studying the effect of these nitrogenous soil constituents on

growth, wheat seedlings were grown in aqueous culture solutions

containing the ordinary fertilizer salts, calcium acid phosphate,

sodium nitrate, and potassium sulphate. Some of the cultures con-

tained calcium acid phosphate only, some sodium nitrate only, and

some potassium sulphate only. Other solutions were composed of

mixtures of two salts, sodium nitrate and calcium acid phosphate,

sodium nitrate and potassium sulphate, and calcium acid phosphate

and potassium sulphate. Still other solutions had all three con-

stituents in various proportions. The concentration of all the solu-

tions was 80 parts per million of the fertilizer ingredients, P
2 5 , NH3 ,

and K20. In cultures containing only one fertilizer salt—for instance,

calcium acid phosphate—the concentration was 80 parts per million of

P
2 5

. If two salts were present—for instance, calcium acid phosphate

and sodium nitrate—the concentration was 80 parts per million of

P
2 5 +NH3

. If all three salts were present, the concentration was

80 parts per million of P
2 5 + NH3 +K20. The ratios of these con-

stituents varied in 10 per cent stages. In all there were 66 different

cultures of nutrient solutions.

The triangular diagram is used as a guide. In this diagram

(fig. 1) the apices, Nos. 1, 56, and 66, are the cultures which contain
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only the single salts, calcium acid phosphate, sodium nitrate, or

potassium sulphate, respectively; that is, contain 100 per cent

P2 5 , NH3 , or K
20, respectively. The line of cultures between 1

and 66 contains mixtures of P
2 5

and NH
3
in 10 per cent differences;

the line of cultures between 1 and 56 contains mixtures of P
2 5

and
K

2
in 10 per cent differences; the line of cultures between 56 and 66

contains mixtures of K
2

and NH
3 . The cultures in the interior of

the triangle contain mixtures of all three constituents, differing in

10 per cent stages, one from the other, the composition depending
upon its position in the triangle, those nearer the P

2 5 apex consist-

NH3
Triangular diagram, with the points representing the G6 culture solutions numbered.

ing chiefly of phosphate fertilizer, those nearer the NH
3

apex

chiefly of nitrate fertilizer, and those nearer to the K
2

apex chiefly

of potash fertilizer.

As stated above, cultures in the line 1 to 56 contain no nitrate.

The next line of cultures, namely, 3 to 57, contains throughout 8 parts

per million of NH3
as nitrate, but varying amounts of the other two

constituents. Similarly the line of cultures 6 to 58 contains through-

out 16 parts per million; line 10 to 59, 24 parts per million and so

on until the culture No. 66 is reached, which contains 80 parts per

million of NH
3
as nitrate, that is, no phosphate or potash. Likewise
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cultures in the line 1 to 66 contain no K
20, but yarious amounts of

P2 5
and NH

3 ; all cultures in line 2 to 65 contain 8 parts per million

K2 ;
and so on until culture No. 56 is reached, which contains 80

parts per million K
20, and no nitrate or phosphate. Similarly cul-

tures on line 56 to 66 contain no P2 5 but varying amounts of potash
and nitrates; all cultures in line 46 to 55 contain 8 parts per million

P
2 5 , and so on upward until culture No. 1 is reached, which contains

80 parts per million P2 5 , but no potash or nitrate.

Two sets of cultures were prepared; to one set were added merely

the nutrient salts, to a similar set the organic compound to be tested

was added to each culture, usually in amounts of 50 parts per million,

in addition to the nutrient salts. The culture solutions were con-

tained in wide-mouth bottles, holding 250 c. c, and 10 wheat seed-

lings grown in each culture in a manner similar to that described in

Bureau of Soils Bulletin No. 70. The culture solutions were changed

every three days, four changes being made in the course of the

experiment. The solutions were analyzed for nitrates immediately

after each change. The phosphate and potassium were determined

on a composite solution of the four changes. Observations on the

general development of the plants and the effect on root growth and

appearance were made during the experiment and photographs were

taken. At the termination of the experiment the green weight was

taken and recorded.

For the purpose of preparing the 66 culture solutions needed in

tins investigation, stock solutions of the three salts, calcium acid

phosphate, sodium nitrate, and potassium sulphate, were prepared

separately. The salts used were chemically pure salts, and were

dissolved in each case in physiologically pure water. For the cal-

cium acid phosphate solution 1.776 grams of CaH4 (P04 ) 2.H2 per

liter were used. This solution has a concentration of 1,000 parts per

million of P2 5
. The sodium nitrate solution was prepared by using

5.000 grams of NaN0
3
per liter. This solution is equivalent to a

concentration of 1,000 parts per million of NH
3

. The potassium

sulphate solution was prepared by dissolving 1.852 grams of K2
S04

per liter. This solution has a concentration of 1,000 parts per million

of K20.

The amount of culture solution used in each culture bottle being

250 c. c, it follows that every 2 c. c. of these 1,000 parts per million

stock solutions will represent 8 parts per million in the culture solu-

tion when this is diluted to the capacity of the bottle; i. e., the suc-

cessive addition of 2 c. c. of the stock solution gives the 10 per cent

differences desired in putting up the 66 solutions. In putting up the

66 cultures it was found desirable to calibrate each bottle for 250 c. c,

capacity and to number them consecutively from 1 to 66. Bottles in
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which the 250 c. c. mark was either high or low, especially those

which would submerge the seeds when filled, were discarded, only

those being used which brought the surface of the liquid from one-

half to one-fourth of an inch from the top.

These 66 bottles were then arranged in triangular form, as illus-

trated diagrammatically by figure 1.

The necessary amount of the 1,000 parts per million stock solution

above described was measured from a burette. For instance, in

adding the requisite amount of nitrate to the set of culture bottles,

the line of bottles 1 to 56 received no nitrate solution, the line of

bottles 3 to 57 received 2 c. c. each, the line 6 to 58, 4 c. c. each, and
so on, increasing 2 c. c. with each successive line, the culture No. 66

finally receiving 20 c. c. of the nitrate solution. Likewise, in adding

the requisite amount of potash, the cultures in line 1 to 66 received

none, the cultures in line 2 to 65 received 2 c. c. each; in line 4 to 64

4 c. c. each, and so on up to culture 56, which received 20 c. c. of the

potash solution. The phosphate solution is added in the same man-
ner, none to cultures in line 56 to 66, 2 c. c. to cultures in line 46 to

55, and so on up to culture 1, which received 20 c. c.

Each bottle received, therefore, a total of 20 c. c. of one, two, or

three of the stock solutions, depending upon whether it was at the

apex, along the sides, or in the interior of the triangle.

All of the cultures were then diluted up to the 250 c. c. mark.

In this investigation, as already mentioned, the culture solution

usually contained 50 parts per million of the organic compound to be

tested. The amount of this compound to be added to each culture

bottle of 250 cubic centimeters was, therefore, 12.5 milligrams. Of
the 250 cubic centimeters, 20 cubic centimeters were already contained

in the bottles in the form of the fertilizer salt solution. Therefore,

the solution with which the fertilizer salt solution in the bottles was to

be diluted consisted of 12.5 milligrams of the compound dissolved in

230 cubic centimeters of pure water. A sufficient quantity of this

strength of solution was prepared to fill the 66 bottles.

As a means of comparing the cultures grown in these solutions con-

taining the organic compound, it was necessary to put up cultures

prepared in exactly the same way, except that pure water was used

for dilution.

In all of this work physiologically pure water was used. This was
prepared by shaking ordinary distilled water with a highly absorptive

carbon black, as described in earlier bulletins/ which removes from

the water any injurious property it may possess.

The culture solutions were now ready to receive the plants which

were thereafter grown in a greenhouse under suitable conditions.

i Bui. No. 36, and Bui. No. 70, Bureau of Soils, U. S. Dept. of Agr.
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GERMINATION OF SEEDLINGS.

In this work it was necessary to have a large number, often several

hundred, and sometimes thousands of uniform seedlings; i. e., seed-

lings of the same age and equal in development and general vitality.

The manner of growing the seedlings and the method of inserting them
in the above culture solutions were as follows

:

Perforated aluminum disks were floated, by means of a raft pre-

pared from sealed glass tubing, in such a way that the disks were just

kept at the surface of the water when loaded with seeds.

The wheat seeds, previously soaked in water, for about two hours,

not longer, were spread evenly on the surface of the disks. The per-

forations in the 1.6 millimeter thick aluminum were approximately

3.2 millimeters in diameter and 2 millimeters apart. The entire

arrangement of raft and disks was floated in a porcelain-lined iron

tank 48 by 24 by 6 inches. Plate I, figure 1, shows this tank with

several disks of seedlings at different stages of development. The
seedlings were used when the plumule was about 1 inch high and

just ready to' emerge from the enveloping sheath. In this manner
hundreds of uniform seedlings were obtainable.

CULTURE BOTTLES.

The bottles used in these cultures were made of flint glass, and were

stoppered by means of a soft flat cork about 12 millimeters in thick-

ness and notched for holding the seedlings, as shown in Plate I, figure

2. The method of notching these corks consisted in cutting 10

vertical, triangular wedges from its circumference with a circular

>saw driven by a small motor, or with a knife. Each wedge after being

cut out was truncated, so that when replaced a small triangular

opening was left through which the plumule of the seedling passed.

This hole was large enough to hold the seedling firmly and yet not

bruise or injure it in any way by pressure. Around the circumference

of the cork, in the upper half, a groove had been made sufficiently

large to hold a small rubber band. After the wedges were inserted,

the band kept them in place and allowed the cork with the seedlings

to be handled readily and put into or taken out of the bottle without

disturbing the plants.

CHANGING THE SOLUTIONS.

As already mentioned, these solutions were changed every three

days. This was done by putting up other triangles of bottles similar

in every respect to those just described. The corks with the plants

were then transferred from the old solution to the corresponding new
solution. Since the old solution had lost some water by transpira-

tion, it was again made up to 250 cubic centimeters and tightly
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stoppered, and was now ready for analysis. The amounts of phos-

phate, nitrate, and potash were determined. Three days later a

similar change was made, and so on every three days to the termi-

nation of the experiment. Nitrate was determined immediately

after making each change, but the phosphate and potash was deter-

mined on a composite of the four changes.

ANALYTICAL METHODS.

For the nitrate determination 10 cubic centimeters of each of the

solutions was withdrawn and transferred to a Berlin porcelain

evaporating dish bearing a number corresponding to that of the

culture. The solutions were evaporated to dryness on a steam bath,

being removed immediately when dry. After cooling, 1 cubic centi-

meter of the phenoldisulphonic acid reagent was added to each dish

and well stirred with the rounded end of a glass rod, allowing the

reagent to act about 10 minutes. The acid was then diluted with

water and made alkaline with ammonium hydroxide. The yellow

solution was then diluted to a convenient volume comparable to the

intensity of the standard colorimetric solution, prepared at the same
time, and was then compared with the latter in the Schreiner colori-

meter. The results are stated in terms of NH
3

as this was the

fertilizer designation used throughout the work. The details of this

method are given in Bulletin No. 31, page 39.

The phosphate in the solutions was determined by the method
described on page 46 of Bulletin No. 31, Bureau of Soils. In this

method both the phosphate and silica are determined when the

latter is present. In these experiments, however, the method was
greatly simplified, inasmuch as repeated tests showed the almost total

absence of silica from the solutions. As already mentioned, the glass

containers used for these solutions were composed of very hard flint

glass. In this case, therefore, the silica being zero, the two results

obtained by this procedure were duplicates. In determining the

phosphate, portions of the solutions were measured out in duplicate,

50 cubic centimeters in those cases where the weaker phosphate

solutions were concerned and only 25 cubic centimeters in the case of

the stronger solutions, the latter being, however, made up to 50 cubic

centimeters before adding the necessary reagents. This was done to

insure a sufficient amount of reagent to develop the full color. To
one portion were then added 5 cubic centimeters of the nitric acid

reagent and 4 cubic centimeters of the ammonium molybdate reagent,

and the color read after 20 minutes in the colorimeter in comparison

with a standard solution prepared at the same time. To the other

portion only the ammonium molybdate reagent was added, allowed

to stand one hour, and then the nitric acid solution added and after
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20 minutes the color compared with the standard as in the previous

case. As already stated, the intensity of the color in these two
solutions was the same, thus showing the absence of silica. If silica

had been present the intensity of the color developed under the two
conditions would have been different and the amount of phosphate

and silica, respectively, could have been calculated by means of the

formula given in the original papers.

The potassium was determined by the colorimetric method of

Cameron and Failyer, 1 given in detail in Bulletin No. 31, page 31.

Electroquartz dishes were used in the investigation. Of the stronger

solutions 10 cubic centimeters were used; i. e., those originally con-

taining from 64 to 80 parts per million, 25 cubic centimeters of those

containing from 32 to 64 parts per million, and 50 cubic centimeters

of the weaker solutions.

To the solutions 0.5 c. c. of dilute sulphuric acid was added, and
evaporated to dryness, the excess of sulphuric acid being driven off

by heating over a naked flame. The last operation destroys any
organic matter that may be present. To the cooled dish a few drops

of hydrochloric acid and several drops of platinum chloride solution

were added to slight excess. The residue was well worked with the

rounded end of a short stirring rod and evaporated on a steam bath

almost to dryness. The residue was then washed several times with

alcohol and the washings poured through a carefully purified asbestos

filter contained in a Gooch crucible. As much as possible of the

residue was allowed to remain in the porcelain dish. After drying,

the precipitate contained in the dish and in the Gooch crucible was
dissolved in hot water, and, after cooling, one drop of hydrochloric

acid and 0.5 c. c. of potassium iodide solution was added. A stand-

ard colorimetric solution of potassium platinic chloride was prepared at

the same time and the solutions allowed to stand overnight for a full

development of the color. The next morning they were read in the

colorimeter.

STUDY OF THE EFFECT OF SOME NITROGENOUS SOIL CON-

STITUENTS ON GROWTH AND ABSORPTION.

NUCLEIC ACID.

Nucleic acid has been found to be a constituent part of the soil

organic matter in the course of the investigations carried on in this

laboratory. When it occurs it forms a constituent part of the so-

called humus, precipitated by the addition of acid to an alkaline

extract of soils. Its method of separation and identification is de-

scribed in Bulletin No. 88 of this Bureau.

Nucleic acid is a common constituent of all plant and animal mate-

rial and its source in the soil is doubtless due to its accumulation

i Jour. Am. Chem. Soc, 25, 10G3 (1903).
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from vegetable and animal debris and from the bodies of the mi-

croorganisms of the soil—the bacteria, the molds, the protozoa, etc.

Chemically it is a complex substance, capable of being split into

much simpler units, such as phosphoric acid on the one hand, and
nitrogenous compounds on the other, such as the purine and pyri-

midine compounds, hypoxanthine, xanthine, adenine, guanine, and
cytosine, all of which have been found in soils in the course of these

investigations, as well as carbohydrate units, such as pentose sugars,

likewise found in soils. In addition to these ultimate units of degra-

dation, there exist the intermediate combinations such as a (pentose

sugar)-(purine base) complex and other combinations of the above
constituent parts. The exact chemical constitution of the nucleic

acids is not known, but these derivatives of it are well identified.

These chemical characteristics will be discussed more fully in con-

nection with another subject in Bulletin 89.

For the purpose of these cultural tests, requiring appreciable

quantities of nucleic acid, the compound prepared from yeast was
used. This yeast nucleic acid was dissolved in water and used in

making up the cultures. In order to counteract the acidity, calcium

carbonate was added to each nucleic acid culture and also to each

culture in the control set for the purpose of better comparison. Both
sets of cultures grew, therefore, under the slightly physiologically alka-

line conditions imposed by the calcium carbonate.

Two sets of cultures composed of the fertilizer salts, calcium acid

phosphate, sodium nitrate, and potassium sulphate, in varying pro-

portions, used singly and in combinations of two and three, were

prepared according to the method already described. To one set

of cultures only the nutrient salts were added, to the second set 100

parts per million of the nucleic acid were added to each culture solu-

tion. Wheat seedlings were grown in both sets of culture solutions

from April 8 to April 21, 1911. Every three days the solutions were

changed and the nitrates determined.

When the two sets of cultures had grown in the greenhouse under

identical conditions for several days the effect of the nucleic acid

was already noticeable by a superior growth in the nucleic acid

cultures, an effect which became quite marked as the experiment

progressed. This was more marked in some of the fertilizer combina-

tions than in others, but consistently so, as will be shown. Direct

comparison between the two sets showed the effect of nucleic acid

in producing increased growth to be most pronounced in those fer-

tilizers which contained no nitrate and in those low in nitrate.

At the end of the experiment the green weight of the tops of both

sets was taken and the results obtained will be found in the following

tables. The total growth in the 66 cultures of nutrient salts without

nucleic acid, designated as normal or control cultures, was 163.3
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grams, against 200.7 grams in the case of the 66 cultures with 100

parts per million of nucleic acid. Putting the normal at 100, the

latter becomes 122, or an increase of 22 per cent in green weight, as

an average of the 66 cultures, although as mentioned already, and as

will be shown further on, this increase is more marked in those

cultures low in nitrate than in those high in nitrate.

GROWTH IN CULTURES CONTAINING NO NITRATE.

Table III gives the growth of the two sets of cultures comprising

the line of cultures containing no nitrate, but containing mixtures of

potash and phosphate, varying in 10 per cent stages, the total con-

centration being 80 parts per million of P2 5 +K2 in each culture.

In the fifth column are given the weights of the cultures without

nucleic acid, and in the last column the weights of the cultures where

nucleic acid was present. It is apparent from these figures that the

nucleic acid has caused a considerable increase in growth. This is

true in each of the eleven cultures. For instance, in culture No. 37

which has 16 parts per million of phosphate and 64 parts per million

of potash, the growth without nucleic acid is 1.870 grams, and with

nucleic acid 3.520 grams. Culture No. 16, which is composed of

equal parts of phosphate and potash, produced 1.490 grams green

weight when nucleic acid was absent and 3.440 grams when the

nucleic acid was present in the solution. The growth in culture No. 4,

which is composed of 64 parts per million of phosphate and 16 parts

per million of potash, was 1.378 grams without nucleic acid and 2.528

grams with nucleic acid.

Table III.

—

Effect of nucleic acid on growth in culture solutions containing no nitrate.

Culture

Fertilizer ingredients in cul-

ture solution.
Green weight of culture.

number. Without With 100

P2O5 NH3 K2 nucleic
acid.

p.p. m.
nucleic
acid.

P. p. m. P. p. m. P. p. m. Grams. Grams.
56 80 1.599 3.090
46 8 72 1.770 3.040
37 16 64 1.870 3.520
29 24 56 1.859 3.100
22 32 48 1.578 3.000
16 40 40 1.490 3.440
11 48 32 1.890 2.750
7 56 24 1.520 2.800
4 64 16 1.378 2.528
2 72 8 1.428 1.859

1 80 0.859 0.970
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The total green weight of the 11 cultures without nucleic acid, com-
posed of mixtures of phosphate and potash only, was 17.241 grams,

against 30.097 grams for the cultures with nucleic acid. This is an

increase of 74 per cent produced by the addition of nucleic acid to the

line of cultures containing no nitrate.

The results here recorded on the green weight are in full accord with

the actual observations made on the plants while growing, as was men-
tioned earlier. For the purpose of record, a photograph of this line

of cultures was taken after arranging the two sets, with and without

nucleic acid, alternately, in pairs of like composition in regard to the

mineral salts, phosphate and potash. This photograph is repro-

duced in Plate II.

Cultures marked with the same number, for instance 56 and 56N,

have similar fertilizer ratios. The cultures marked with numbers
alone have no nucleic acid, those with numbers and the letter N have
100 parts per million of nucleic acid. The composition of the re-

spective cultures is given in Table III.

As shown in Plate II, the plants in each culture containing nucleic

acid, no matter what the proportion of potash and phosphate, are

larger than the plants growing in a similar solution without the

nucleic acid, the tops in each case being broader and taller.

NUCLEIC ACID IN CULTURES CONTAINING 8 PARTS PER MILLION NH
8

AS NITRATE.

Since nucleic acid was very beneficial in cultures containing no ni-

trate, it is interesting to observe its effect in cultures which contain a

small amount of nitrate, as is the case in the next line of cultures.

Nos. 3 to 57, Table IV, gives the result of the effect of nucleic acid on

growth in these culture solutions composed of 8 parts per million

of NH
3 as nitrate and varying amounts of potash and phosphate, the

total concentration of each solution being 80 parts per million of

P2 5 +NH3 +K20. By comparing the figures in the fifth and sixth

columns, it is seen that the growth with nucleic acid is still consid-

erable larger, but the difference caused by the nucleic acid is not near

so great as in solutions containing no nitrate, presented in Table III.

The total green weight of these 10 cultures was, without nucleic acid,

25.272 grams, against 31.080 grams in the cultures with nucleic acid,

an increase of 23 per cent. In the cultures with no nitrate the nucleic

acid produced an increase of 74 per cent.
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Table IV.

—

Effect of nucleic acid on growth in culture solutions containing 8 p. p. m.

ofNHZ as nitrate.

Fertilizer ingredients in cul- Green weight of cul-
ture solution. ture.

Culture
number. Without With 100

P2O5 NH3 K2 nucleic
acid.

p. p.m. nu-
cleic acid.

P. p. m. P. p. m. P. p. m. Grams. Grams.
57 8 72 2.709 3.400
47 8 8 64 2.590 3.340
38 16 8 56 2.890 3.300
30 24 8 48 2.629 3.700
23 32 8 40 2.850 3.700
17 40 8 32 2.770 3.600
12 48 8 24 2.800 3.150
8 56 8 16 2.200 2.750
5 64 8 8 2.225 2.500
3 72 8 1.609 1.640

NUCLEIC ACID IN CULTURES WITH LARGER AMOUNTS OF NITRATE.

The third line of cultures containing 16 parts per million of NH3 as

nitrate did not produce as much additional growth when nucleic acid

was added as did the two series with no nitrate, and with 8 parts per

million of nitrate, just discussed. This is shown by the results in

Table V. The total green weight of the cultures without the nucleic

acid was 26.483 grams, against 29.730 grams for the nucleic acid cul-

tures, an increase of 12 per cent.

Table V.

—

Effect of nucleic acid on growth in culture solutions containing 16 p. p. m.
of NHZ as nitrate.

Fertilizer ingredients in cul- Green weight of cul-

ture solution. ture.

Culture
number. Without With 100

P2O5 NH3 K 2 nucleic
acid.

p.p.m. nu-
cleic acid.

P. p. m. P. p. m. P. p. m. Grams. Grams.
58 16 64 2.900 3.800
48 8 16 56 3.500 4.300

39 16 16 48 3.150 3.450
31 24 16 40 3.300 3.770
24 32 16 32 3.249 3.700

18 40 16 24 3.439 3.550
13 48 16 16 2.800 3.190

9 56 16 8 2.400 2.320

6 64 16 1.745 1.650

In the remaining cultures of the triangle the effect of the nucleic

acid was noticeable, but there was on the whole no effect greater than

that already noted in the case of the cultures with 16 parts per million

of NH
3
as nitrate. The series of cultures containing 24 parts per mil-

lion NII3 as nitrate showed an increase of 11 per cent on the addition

of nucleic acid; the 32 parts per million series showed an increase of

13 per cent; the 40 parts per million, 14 per cent; the 48 parts per mil-
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lion, 15 per cent; the 56 parts per million, 7 per cent; the 64 parts per

million, 20 per cent; the 72 parts per million, 10 per cent; the 80 parts

per million, no increase. The last is represented only by a single

culture which showed, in fact, a slight decrease.

ABSORPTION OF NITRATE IN THE PRESENCE OF NUCLEIC ACED.

It is apparent from the foregoing that nucleic acid is beneficial to

growth and that its effect is most marked in nitrate free solutions,

showing that it can take the place of nitrates in producing growth.

With increasing nitrate content the effect of nucleic acid in increasing

growth, beyond that produced by the nutrient salts, becomes less,

but is nevertheless appreciable. That it still plays a part in taking

the place of nitrate in producing*
1

growth, even in the solutions which

contain nitrate, is shown by the result obtained in analytically deter-

mining the removal of nitrate from the culture solutions during

growth. The culture solutions were changed every three days, as

already mentioned, and the amount of nitrate remaining in the solu-

tion determined. In this way it was found that in the 55 cultures

containing nitrate, but no nucleic acid, the amount of nitrate removed

was 666.8 milligrams, whereas the amount of nitrate removed in the

presence of nucleic acid was only 516.1 milligrams, thus showing a

greatly diminished nitrate requirement, only 77 per cent of the con-

trol, when nucleic acid is furnished the plant, although a much greater

growth, over 20 per cent increase, has resulted.

HYPOXANTHINE

.

Hypoxanthine has been isolated from a number of soils, having

been found in 9 out of 24 soils examined for it. It appears, therefore,

to be a soil constituent which will be frequently encountered in soil

investigations. Hypoxanthine exists in some plants as such, but

probably arises principally in the soil as a result of the cleavage of

nucleic acids and nucleo-proteids. Its occurrence among the splitting

products of nucleic acid has already been mentioned when the latter

compound was under discussion. In the light of the beneficial effect

of the nucleic acid, it is especially interesting to know the effect

which this rather definite soil constituent, which, as mentioned above,

can be considered as a product resulting from nucleic acid, has upon
plants.

In testing the effect of hypoxanthine on wheat seedlings, the experi-

ment procedure was similar to that described under the heading

nucleic acid. Two sets of the 66 nutrient cultures were prepared, the

one having added to each culture 100 parts per million of hypoxanthine,

the other set being used as a control. The seedlings grew from Febru-

ary 1 to February 13, 1911. The solutions were changed every three
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days. In the case of hypoxanthine, in addition to the determination

of the nitrate immediately after making the change of solutions in the

cultures, the phosphate and potash were determined in a composite

of the four changes in each culture. Only the cultures containing all

these fertilizer elements were thus analyzed. It was apparent almost

from the start that the hypoxanthine set of cultures was making bet-

ter growth than the set not containing this substance. The plants

were better developed, had broader leaves and longer and better

developed roots. These effects were especially noticeable in the cul-

tures containing no nitrate when these were compared with the same
cultures in the control set.

The green weight of the cultures was taken at the termination of the

experiment. The total weight of the 66 normal or control cultures

was 139.4 grams against 150.1 grams for the 66 cultures with the

hypoxanthine. With the normal at 100 the hypoxanthine cultures

become 108, or an average increase of 8 per cent for all the cultures.

The effect, however, was most marked in those cultures in which

nitrate was absent or low as will now be shown.

GROWTH IN CULTURES CONTAINING NO NITRATE.

Table VI gives the growth of the line of cultures in both sets, with

and without hypoxanthine, which contained no nitrate. .In every

case, the comparison of the last two columns of the table shows an

increase in the hypoxanthine culture, although this naturally varies

with the different combinations of phosphate and potash in these cul-

tures. The total green weight of the series without hypoxanthine is

14.220 grams, against 20.015 grams in the hypoxanthine cultures, or

an average increase of 41 per cent.

Table VI.

—

Effect of hypoxanthine on growth in culture solutions containing no nitrate.

Fertilizer ingredients in cul- Green weight of

Culture

ture solution. culture.

number. Without With lOOp.
P2O5 NH3

K 2 hypo- p.m. hypo-
xanthine. xanthine.

P. p. m. P. p- m- P. p. m. Grams. Grams.
56 80 1.178 1.370
46 8 72 1.390 2.190
37 16 64 1.320 1.628
29 24 56 1.250 2.059
22 32 48 1.309 2.220
16 40 40 1.320 2.100
11 48 32 1.300 2.198
7 56 24 1.465 1.820
4 64 16 1.498 1.720
2 72 8 1.190 1.655
1 80 1.000 1.055
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HYPOXANTHINE IN CULTURES CONTAINING 8 PARTS PER MILLION

NH3 AS NITRATE.

Table VII shows the effect which hypoxanthine had when added to

culture solutions which already contained a small amount of nitrate.

This is the series of cultures in the second line of the triangle, that is,

those containing uniformly 8 parts per million of NH3 as nitrate, but

varying amounts of phosphate and potash as is shown in Table VII.

The comparison of the last two columns shows that the hypoxanthine

cultures are heavier in each case, but the difference is not nearly so

great as in Table VI. The total green weight in the series of cultures

without hypoxanthine is 20.707 grams and with hypoxanthine it is

23.672 grams, an average increase of 14 per cent, as against the 41

per cent shown by cultures given in Table VI.

Table VII.

—

Effect ofhypoxanthine on growth in culture solutions containing 8 p. p. m. of
NH3 as nitrate.

Culture
number.

Fertilizer ingredients in
culture solution.

Green weight of
culture.

F2O5 NH3 K2

Without
hypoxan-

thine.

With 100
p.p.m.
hypoxan-
thine.

57
47
38
30
23
17

12

8

5
3

P. p. m.

8
16
24
32
40
48
56
64
72

P. p. m.
8
8
8
8
8
8
8
8
8
8

P. p. m.
72
64
56
48
40
32
24
16

8

Grams.
1.748
2.440
2.150
2.000
2.390
2.456
2.370
2.275
1.800
1.078

Grams.
2.150
2.772
2.470
2.628
2.692
2.850
2.640
2.450
1.920
1.100

HYPOXANTHINE IN CULTURES WITH LARGER AMOUNTS OF NITRATES.

When the effect of the hypoxanthine in the series of cultures

containing 16 parts per million of NH3 as nitrate is considered, it is

found that the effect is still less marked than either of the above

results. This is shown in Table VIII, where the growth with hypo-

xanthine, while still greater than the growth without this ingredient,

is nevertheless not so clearly marked as in the two series of cultures

already considered. The average increase in these 16 parts per

million of NH3 as nitrate cultures occasioned by the hypoxanthine

is only 3 per cent, while the 8 parts per million nitrate series was

14 per cent and the no nitrate series was 41 per cent.

50602°—Bull. 87—12 3
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Table VIII.

—

Effect of hypozanthine on growth in culture solutions containing 16
p. p. m. of NHZ as nitrate.

Fertilizer ingredients in Green weight of

Culture

culture solution. culture.

number. Without With 100

P2O5 NH3 K2 hypoxan-
thine.

p.p. m.
hypoxan-

thine.

P. p. 771. P. p. m. P. p. m. Grams. Grams.
58 16 64 2.120 2.224
48 8 16 56 2.800 2.500
39 16 16 48 2.750 2.900
31 24 16 40 2.722 3.059
24 32 16 32 2.770 3.094
18 40 16 24 2.926 3.000
13 48 16 16 2.490 2.500
9 56 16 8 1.974 2.100
5 64 16 1.270 1.150

With still larger amounts of nitrate present the additional effect

was less certain. In some cases the hypoxanthine produced an in-

crease in growth, in others a slight decrease, so that the result in the

two sets of cultures with these higher nitrate contents was practically

alike. Inother words, no additional effect caused by the addition of the

hypoxanthine is definitely shown on the green weight, but an effect

was produced, nevertheless, in that less nitrate was consumed while

this equal growth took place, as will be shown.

INFLUENCE OF HYPOXANTHINE ON ABSORPTION OF FERTILIZER SALTS.

The foregoing discussion has shown clearly the influence of hypo-

xanthine on growth and its effect in cultures containing no nitrate.

There remains to be discussed the effect of hypoxanthine on the

removal of nutrients from the solution during the growth of the

plant. Mention has already been made of the fact that the con-

centration differences produced by the growth of the plants in the

various cultures was determined by making an analysis for nitrate

at the termination of every three-day change, and of the phosphate

and potassium on a composite of the solutions from the four changes.

It is thus possible to compare the results obtained under the control

condition without the hypoxanthine andunder the conditionwhere 100

parts per million of hypoxanthine were present in the solution.

The sum total of P2 5 , NH3 , and K2 removed from solution by

the growing plants in the cultures containing all three of these con-

stituents was 1,429.1 milligrams under the normal conditions and

1,134.2 milligrams in the hypoxanthine set. The figures show the

total of plant nutrients removed to be less in the hypoxanthine set,

although the green weight in this set was greater than in the normal

set. When the removal of the individual fertilizer elements, NH3 ,

P
2 5 , and K20, respectively, from the culture solutions is considered,
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it is found that in the presence of hypoxanthine the nitrate is greatly

conserved; that is, much less nitrate is consumed by the plant in the

presence of hypoxanthine.

The quantity of phosphate removed from the solutions of the

normal set was 330.1 milligrams and from the hypoxanthine set

361.2, indicating a slightly greater phosphate requirement by the

larger plants.

The quantity of potash removed from the solutions of the normal
set was 603.1 milligrams and from the hypoxanthine set 521.1 milli-

grams, indicating a somewhat decreased potash absorption amount-
ing to 82 milligrams.

The quantity of nitrate consumed in the normal cultures was 450.1

milligrams and in the hypoxanthine cultures only 247.6 milligrams.

This shows a decreased consumption of nitrates amounting to 202.5

milligrams by the cultures growing in the presence of hypoxanthine,

although, as shown above, an increased growth took place. It is

obvious that the hypoxanthine is able to replace the effect of nitrate

in producing growth.
XANTHINE.

Xanthine, closely related to hypoxanthine, has likewise been

isolated and identified as a soil constituent. While it has not been

found as often as hypoxanthine, it appears nevertheless to be a fre-

quent constituent of soils and in several cases has been identified in

the same soils in which hypoxanthine occurred.

Xanthine occurs as such in a number of plants, as well as in animal

substances. It has been found in yellow lupines, sprouts of malt,

sprouts of lupines, Vicia sativa, Cucurhita, Pliaseolus, and tea leaves

and no doubt further investigation will disclose its presence in many
other plants. While it may get into the soil from these sources, it is

more probable that the most constant source of this soil constituent,

like the other purine bases, is in the decomposition of nucleic acids

and nucleoproteins in the soil.

While xanthine has not been as thoroughly studied as the hypo-

xanthine in respect to its effect on plant growth, the results obtained

with this compound point, however, in the same direction, and show

that xanthine is beneficial to plants. The effect of xanthine in con-

nection with fertilizer salts has not been studied as this earlier work

was done before the more extended method with fertilizer salts was

worked out. The xanthine is not very soluble in water but a solu-

tion of 25 parts per million when compared with a control culture in

pure distilled water showed an increase in green weight equal to 21

per cent, which is clearly in harmony with the beneficial effects of

hypoxanthine more fully studied.
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GUANINE.

Guanine, the other common purine base resulting from the break-
ing down of nucleoproteins and nucleic acids, has also been found
in soil in connection with investigations in this laboratory which
will be reported in Bulletin 89. It is a constituent of guano and has
been found as a product of the autolysis of yeast. It appears to be
rather widely distributed and has been found in the seeds of vetch,
alfalfa, clover, and gourd, in germin ating barley, in sugar beet, and
in sugar cane.

Guanine, like xanthine, was tested in distilled water solutions only,

and owing to its slight solubility a concentration greater than 40
parts per million could not be tested. In this concentration the in-

crease in growth noticed was 5 per cent over that of the growth in a
distilled-water control. The root development was especially marked,
long, white, and clean roots being obtained, which were very healthy
in appearance. The result indicates that guanine should be classed

as a compound beneficial to growth.

ADENINE.

Adenine also has been found as a soil constituent, as will be reported

later, and its source in the soil is probably the same as those of the

other purine compounds, guanine, xanthine, and hypoxanthine,

already discussed, but we have not had sufficient material in hand,

either from soil or other source, to make any study of its effect on
plants.

CREATININE.

In the course of investigations into the nature of soil organic matter

a crystalline organic compound was isolated and identified as creati-

nine. Since then it has been found in a number of soils of widely

different type and from widely separated areas, and is apparently

a common soil constituent. The actual quantity, while not large,

is nevertheless appreciable and about as great as is the store of

nitrate in ordinary soils, and it is not improbable that the quantity

of creatinine is a fluctuating quantity as is the nitrate.

It has been obtained from soils by chemical methods and also

by extraction with alcohol and even with water. Creatinine has

been considered as a product of animal origin, but in the investiga-

tions of this laboratory it has also been found as a constituent of

vegetable material. It was found in wheat seeds, wheat seedlings,

wheat bran, rye, clover, alfalfa, cowpeas, and potatoes. Its occur-

rence in these plants, some of which are used for purposes of green

manuring, as well as its occurrence in stable manure, may partially

explain its presence in soils, but it may possibly also arise during the
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decay of more complex protein bodies and nucleic acids or be pro-

duced by the action of bacteria and molds.

Guanidine and arginine are structurally related to creatinine. Of
these, arginine has already been found in soils, but only infrequently

and in small quantities. Guanidine, although it has been found in

plants, has not yet been isolated from a soil, but the purine base,

guanine, which has been found in soil under certain conditions, is

capable of yielding guanidine on oxidation. This possible connection
of creatinine with the purine bases and the nucleic acids, the action

of which on plant growth has already been presented, is, in the present

state of knowledge, however, purely speculative.

In studying the effect of creatinine on crops, wheat seedlings were
grown in aqueous culture solutions containing the ordinary fertilizer

salts, calcium acid phosphate, sodium nitrate, and potassium sul-

phate, the details being in every respect the same as in the experi-

ments with hypoxanthine already described.

Two sets of cultures were prepared and young wheat seedlings were

grown in them from March 3 to March 15, 1911. To one set of cul-

tures only the nutrient salts were added, to the second set 50 parts

per million of creatinine were added to each culture. Every three

days the solutions were changed and analyzed. The solutions were

analyzed for nitrates immediately after each change. The phos-

phate and potassium were determined on a composite solution of the

four changes. Observations on the development of the plants were

made during the experiment and photographs were taken. At the

termination of the experiment the green weight was taken and
recorded.

When the plants had grown for several days it was noticeable that

the creatinine cultures were better developed, having broader leaves

and longer and better developed roots. The total growth made in

the 66 cultures of nutrient salts without creatinine, designated as

normal or control cultures, was 166.7 grams, as against 181.2 grams
in the case of the 66 cultures with 50 parts per million of creatinine.

Putting the normal at 100, the latter becomes 109, or an increase of

9 per cent, as an average of the 66 cultures. The effect was much
more pronounced in those fertilizer combinations containing no

nitrate and those low in nitrate as was the case with the hypoxan-

thine and the nucleic acid.

GROWTH IN CULTURES CONTAINING NO NITRATE, WITH AND WITHOUT
CREATININE.

Table IXgives the growth of the two sets of cultures which contained

no nitrate in the solutions, the cultures and the arrangement being

the same as in Tables III and VI. To one set of cultures had been
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added 50 parts per million of creatinine. In the fifth column are

given the green weights of the cultures without creatinine, and in

the last column are given the weights of the cultures with creatinine.

It is apparent from these figures that the creatinine has caused a

considerable increase in growth. This is true in each of the 11 cul-

tures. The total growth of the 11 cultures, without creatinine,

composed of mixtures of phosphate and potash, was 16.674 grams,

against 22.682 grams for the cultures with creatinine. This is an
increase of 36 per cent in the creatinine cultures.

Table IX.

—

Effect of creatinine on growth in culture solutions containing no nitrate.

Culture
number.

Fertilizer ingredients in
culture solution.

Green weight of culture.

P2O5 NH3 K2

Without
creatinine.

With
50 p. p. m.
creatinine.

56
46
37
29
22
16
11

4

2

1

P. p. m.

8
16

24
32
40
48
56
64
72

80

P. p.m. P.p. m.
80

64

56
48
40
32
24
16

8

Grams.
1.400
1.470
1.950
1.527
1.490
1.558
1.795
1.540
1.444
1.400
1.100

Grams.
1.576
2.200
2.100
2.000
2.200
2.40S
2.32S
2.400
2.220
2.100
1.150

The effect of creatinine in cultures with no nitrate is shown in

Plate III. Cultures marked with the same number, for instance 1

and 1(7, have similar fertilizer ratios. The cultures marked with

numbers alone have no creatinine. The compositions of the culture

solutions correspond with those given in Table IX.

As shown in Plate III, the plants in each culture containing

creatinine, no matter what the proportion of potash and phosphate,

are larger than the plants grown in a similar solution without the

creatinine. The increased growth is noticeable in the roots as well as

jin the tops. The blades in each case are broader and taller and the

roots are larger and better branches.

CREATININE IN CULTURES CONTAINING 8 PARTS PER MILLION NH
3
AS

NITRATE.

Since creatinine was very beneficial in cultures containing no

nitrate it is interesting to observe its effect in cultures that contain

a small amount of nitrate. Table X gives the result of the effect of

creatinine on growth in culture solutions, containing 8 parts per

million NH
3

as nitrate. By comparing the figures in the last two

columns it is seen that the growth with creatinine, given in the last
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column, is larger than the growth without creatinine, given in the

fifth column. The difference, however, is not nearly so great as in

solutions containing no nitrate, presented in Table IX. The total

green weight of the cultures without creatinine was 24.071 grams
against 28.117 grams in the cultures with creatinine, an increase of

17 per cent. In the cultures with no nitrate creatinine produced an
increase of 36 per cent.

Table X.

—

Effect of creatinine on growth in culture solutions composed of fertilizer

mixtures, containing 8 parts per million ofNHZ as nitrate.

Culture
number.

Fertilizer ingredients in cul-
ture solution.

Green weight of culture.

P2O5 NHa K2
Without

creatinine.

With 50
p. p. m.

creatinine.

57
47
38
30
23
17
12
8
5
3

P. p. TO.

8
16
24
32
40
48
56
64
72

P. p. TO.

8
8
8
8
8
8
8
8
8
8

P. p. m.
72
64
56
48
40
32
24
16
8

Grams.
1.820
2.470
2.748
2.907
2.670
2.928
2.526
2.600
2.048
1.354

Grams.
2.190
3.100
3.250
3.420
2.450
3.258
3.340
3.000
2.359
1.750

In Table XI are given the results of growth in culture solutions

with and without creatinine, composed of mixtures of phosphate,

potash, and nitrate. The proportions of phosphate and potash vary

in the different cultures, but each solution has 16 parts per million

of NH3
as nitrate. The green weights of the creatinine cultures, given

in the last column of the table, are slightly larger than the control

cultures shown in the fifth column. The total green weight of the

cultures without creatinine was 25.516 grams against 27.573 grams
for the cultures with creatinine, an increase of 8 per cent.

Table XI.

—

Effect of creatinine in culture solutions containing 16 parts per million ofNH3 as nitrate.

Culture
number.

Fertilizer ingredients in cul-

ture solution.
Green weight of culture.

P2O5 NH3 K2
Without

creatinine.

With 50
p.p.m

creatinine.

58
48
39
31
24
18
13
9
6

P. p. TO.

8
16
24
32
40
48
56
64

P. p. m.
16
16
16
16
16
16
16
16
16

P. p. TO.

64
56
48
40
32
24
16
8

Grams.
2.200
3.200
3.400
3.097
3.250
3.228
2.975
2.626
1.440

Grams.
2.570
3.720
3.500
3.702
3.250
3.300
3.240
2.551
1.740
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In the series of cultures containing 24 parts per million NH3 as

nitrate, creatinine only increased growth 2 per cent. Its effect in

cultures composed of fertilizer mixtures having more than 24 parts

per million of NH
3
as nitrate was uncertain. In some cases there

was a slight increase in growth and in others there was a slight

decrease. However, in all cases with, large amounts of nitrate the

growth was practically the same in the normal and creatinine cultures.

Plate IY shows the effect of creatinine with and without nitrate.

As seen in the photograph there is a large difference between the con-

trol cultures having a small amount of nitrate (series A) and those

without nitrate (series B) . The no-nitrate plants have small tops and
poorly developed roots, while the nitrate plants have large tops and
well-branched roots. Series C, creatinine cultures without nitrate,

compared with series D, creatinine cultures with nitrate, shows that

this difference is not so great as in the case of the normal cultures

with and without nitrate.

The effect of creatinine in cultures containing no nitrate is well

shown by comparing series B with series C. Series A compared
with series D shows that creatinine does not produce so great an
additional effect when nitrogen as nitrate is in the culture.

INFLUENCE OF CREATININE ON ABSORPTION OF FERTILIZER SALTS.

The foregoing discussion has shown clearly the influence of creati-

nine on growth and its effect in cultures containing no nitrate. There

remains to be discussed the effect of the creatinine on the removal

of nutrients from the solution during the growth of the plant.

The concentration differences produced by the growth of the

plants in the various cultures was determined by making an analysis

for nitrate at the termination of every three-day change, and of the

phosphate and potassium on a composite of the solutions from the

four changes. It is thus possible to compare the results obtained

under the control conditions without the creatinine and under the

conditions where 50 parts per million of the creatinine were present

in the solution.

The sum total of P
2 5 , NH3 , and K2

removed from the solution by
the growing plants in the cultures containing all three of these con-

stituents was 1,684 milligrams under the control conditions and 1,584

milligrams in the creatinine set. The figures show the total of plant

nutrients removed to be slightly less in the creatinine set, although

the green weight in this set was greater than in the normal set. The

examination of the results for the three constituents separately as

given below, shows that the phosphate and potash absorption were

slightly greater than normal, as is demanded by the larger growth,

whereas the nitrate removal is considerably less than in the normal

set.
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The amount of phosphate removed was 364 milligrams for the

normal cultures and 383 milligrams for the cultures containing creati-

nine, a difference of 19 milligrams in favor of the creatinine cultures.

The amount of potash removed by the plants was 760 milligrams

in the case of the normal cultures and 778 milligrams for the cultures

with creatinine. As with the phosphate, the creatinine cultures

removed a little more potash than the normal cultures, there being

a difference of 18 milligrams in favor of the creatinine set.

The total amount of nitrate, stated as NH
3 , removed from the solu-

tions during the course of the experiment was 560 milligrams for the

normal cultures and 423 milligrams for the creatinine cultures. The
creatinine cultures, although making a larger growth, used 137 milli-

grams less nitrate.

The result of tests for the possible formation of nitrate, nitrite,

ammonia, or creatine have been discussed in the earlier sections of

this bulletin.

CREATINE.

Creatine and the creatinine discussed in the preceding section, are so

closely related that the determination of one of these in a soil makes
the occurrence of the other highly probable. Both probably occur

in soils, manures, and green crops. Creatinine is the anhydride of

creatine, and is readily formed in the laboratory from creatine by
heating with acids or by heating the crystallized creatine under

pressure.

Experiments in nutrient cultures with creatine have been con-

ducted similar to those with creatinine. The plants grew from April

22 to May 4,1911. After the plants had grown for several days, it was

apparent that the effect of creatine was very similar to that of crea-

tinine. The leaves were broader and further developed than the

control cultures. The roots were longer and better branched. The
plants growing in creatine cultures winch contained phosphate and

potash, but no nitrate, were a great deal larger than similar cultures

without creatine. Like the creatinine, when a small amount of

nitrate was in the fertilizer mixture the beneficial effect of creatine

was not so marked, and in the presence of a larger amount of nitrate

creatine had no additional effect on growth.

The total green weight of 66 cultures containing the fertilizer salts

only, that is, the control set, was 174.4 grams, against 186.8 grams

for the 66 cultures containing 50 parts per million of creatine in addi-

tion to the fertilizer salts. This is an average increase for the creatine

cultures of 8 per cent over the control cultures.

Table XII shows the effect of creatine on growth in the series of

cultures containing varying quantities of phosphate and potash, but

no nitrate. From an examination of the table, it is apparent that the

growth of each of the creatine cultures, given in the last column, is
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considerably larger than the growth of the cultures without creatine,

given in the fifth column. The total green weight of the cultures

without creatine was 16.2 grams, against 23.2 grams for the cultures

with creatine, an increase of 44 per cent.

Table XII.

—

Effect of creatine on growth in culture socutions containing no nitrate.

Fertilizer ingredients in Green weight of
culture solution. culture.

Culture
number.

P2 5 NH3 K2
Without
creatine.

With
50 p. p. m.
creatine.

P. p. TO. P.p. TO. P. p. TO. Grams. Grams.
56 80 1.329 1.709
46 8 72 1.420 1.948
37 16 64 1.558 2.130
29 24 56 1.579 2.370
22 32 48 1.528 2.470
16 40 40 1.500 2.400
11 48 32 1.670 2.270
7 56 24 1.628 2.420
4 64 16 1.600 2.450
2 72 8 1.428 2.070
I 80 .978 1.090

In Table XIII are given the green weights of plants grown in

cultures with and without creatine, containing 8 parts per million

of NH3 as nitrate and varying amounts of phosphate and potash.

These figures show that the creatine cultures, given in the last column,

are somewhat larger than the cultures without creatine, given in the

fifth column, but the difference is not nearly so great as in the cultures

containing no nitrate given in Table XII. The total growth of the

cultures without creatine was 26.4 grams, against 29.4 grams for the

cultures with creatine, an increase of only 11 per cent in favor of the

creatine cultures. There was a difference of 44 per cent in favor of

the creatine cultures in the case of the solutions which contained no

nitrate.

Table XIII.

—

Effect of creatine on growth in culture solutions containing 8 parts per
million of NH3 as nitrate.

Culture
number.

57
47

38
30
23
17
12
8
5

3

Fertilizer ingredients in
culture solution.

Green weight of

culture.

P2O5 NH3 K2
Without
creatine.

With
50 p. p. m.
creatine.

P. p. TO.

8
16
24
32
40
48
56
64
72

P. p. TO.

8
8
8
8

8
8
8
8
8
8

P. p. TO.

72
64
56
4S
40
32
24
16
8

Grams.
2.299
2.940
2.700
2.920
3.050
3.150
3.220
2.500
2.222
1.400

Grams.
2.459
3.200
3.350
3.400
3.070
3.309
3.350
2.854
2.800
1.600
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The growth in the series of cultures which contained 16 parts per
million of NH3 as nitrate was only 3 per cent greater with creatine

than without creatine. The growth in this series of cultures is given
in Table XIV. In solutions containing 24 parts per million of NH3

as nitrate the increased growth with creatine was 6 per cent, and in

solutions containing 32 parts per million NH
3 as nitrate the increased

growth was 4 per cent. In solutions containing higher amounts of

nitrate the creatine had no additional effect. Thus it appears that

the effect of creatine in replacing the effect of nitrate in producing
growth is very similar to that of creatinine.

Table XIV.—Effect of creatine on growth in culture solutions containing 16 p. p. m.
of NHZ as nitrate.

Fertilizer ingredients in Green weight of
culture solution. culture.

Culture
number.

P2 5 NH3 K2
Without ,n

^k

P. p. m. P. p. m. P. p. tn. Grams,
i Grams.

58 16 64 2.890 i 2.508
48 8 16 56 3.420 ! 3.570
39 16 16 48 3.420

j
3.770

31 24 16 40 3.900 4.050
24 32 16 32 3.820 i 3.970
18 40 16 24 3.600 3.729
13 48 16 16 2.700 3.150
9 56 16 8 2.858 2.476
6 64 18 1. 528 1. 740

It is also interesting to note the effect of creatine on the removal

of salts by the plants, and the similarity between the action of crea-

tine and creatinine in this respect. It will be remembered that in

the creatinine cultures the removal of phosphate and potash was
slightly greater in the creatinine cultures than in the control cul-

tures, but a great deal less nitrate was consumed in the creatinine

than in the control cultures.

In the creatine experiment the removal of total P2 5 , NH3 , and
K

2 by plants in the control cultures was 1,978.3 milligrams, against

1,854.5 milligrams for the creatine cultures. The control cultures

removed 471.0 milligrams of phosphate, and the creatine cultures

474.4 milligrams. In the case of potash the control cultures removed
769.4 milligrams of K20, against 767.4 milligrams for the creatine

cultures. The removal of both phosphate and potash was practically

the same in the control and creatine cultures. The nitrate removal

was much less in the creatine than in the control cultures. The
control cultures consumed 737.7 milligrams, against 612.7 milligrams

for the creatine cultures, a difference of 125 milligrams.

The influence of the creatine as regards the removal of phosphate,

nitrate, and potash is very similar to that shown by creatinine, and it

again appears that this substance as well as the creatinine can replace

nitrate in its effects on plant growth.
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HISTIDINE.

Histidine is a primary decomposition product of protein material

and has been found in soils. All protein bodies give some diamino

acids or hexone bases on decomposition, the proportion and kind of

degradation product varying in the different proteins. Histidine is

one of those most frequently encountered as a degradation product

of proteins. Likewise it has been found quite frequently in soils.

Its occurrence in 17 out of 24 soils examined for it indicates that

this hexone base is a fairly common constituent of soils and shows,

therefore, that the protein change in soil is similar to that brought

about by chemical or other action in laboratory investigations.

The histidine, as usually prepared, is in the form of the charac-

teristic dihydrochloride, which crystallizes nicely in glassy plates or

prisms. This salt, however, hydrolyses readily, so that its solutions

are rather acid in reaction. For the purpose of this cultural work
the pure dihydrochloride was, therefore, changed over to the car-

bonate.

Two sets of culture solutions were again prepared as in the experi-

ments already described, except that, owing to a limited supply of

the histidine carbonate, the extent of the cultures used was confined

to the four series; those containing no nitrate and 8, 16 and 24 parts

per million of NH3 as nitrate, respectively. That is, the cultures

higher than this amount of nitrate were omitted in the light of the

results obtained with these higher cultures in the case of the related

compounds already studied. The cultures omitted from the general

scheme, shown in figure 1, are those contained in the subtriangle

15-60-66, all other cultures being used in the experiment, a total of

38. To one set of the cultures only the nutrient salts were added,

to the other set, in addition to the nutrient salts, 50 parts per million

of histidine carbonate were added to each culture. As before, the

culture solutions were changed every three days and analyzed.

The cultures grew from November 15 to November 27, 1911.

After the two sets of plants had grown for a few days, with and

without the histidine, it was quite apparent that the histidine had

the same effect in promoting plant growth as had the creatinine,

hypoxanthine, and nucleic acid. The effects in regard to the nitrate

concentration were also strikingly the same as with the other sub-

stances, the effect of the histidine being most marked in the series

of cultures containing potash and phosphate in varying proportions,

but no nitrate. The appearance of these cultures is shown in Plate V.

They are arranged in pairs of like composition in regard to the mineral

salts, phosphate and potash. Cultures marked with the same num-

ber, for instance, 56 and 56H, have like fertilizer ratios. The cul-

tures marked with numbers alone have no histidine; the cultures

with the letter H have 50 parts per million of the histidine.
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As shown in the photograph, the plants in each culture containing

histidine, regardless of the composition of the culture solution in

phosphate or potash, were larger and showed a much better top and
root development.

EFFECT OF HISTIDINE IN CULTURES CONTAINING NO NITRATE.

The green weight of the plants growing in the culture solutions

containing no nitrate is shown in Table XV. The larger growth in

each of the histidine cultures is apparent. The average increase in

the series is 30 per cent greater than the growth without the histidine.

Table XV.

—

Effect of histidine on growth in culture solutions containing no nitrate.

Culture
number.

Fertilizer ingredients in cul-

ture solution.
Green weight of

culture.

P2O5 NH3 K2O Without
histidine.

With
50 p. p. m.
histidine.

56
46
37
29
22
16
11

7
4
2
1

P. p. m.

8
16
24
32
40
48
56
64
72
80

P. p. m. P. p. m.
80
72
64
56
48
40
32
24
16
8

Grams.
1.250
1.220
1.420
1.200
1.220
1.500
1.200
1.240
1.400
1.140
1.040

Grams.
1.460
1.420
1.700
1.540
1.920
1.880
1.820
2.140
1.700
1.550
1.150

EFFECT OF HISTIDINE IN CULTURES CONTAINING NITRATE.

When some nitrate, 8 parts per million NH
3

as nitrate, was
present, the additional effect of the histidine was not as great as in

the case where nitrate was entirely absent. This is shown in Table

XVI. The total green weight for the 11 cultures was 17.660 grams

without histidine and 19.950 grams when this compound was present.

The average increase caused by the histidine was 14 per cent greater

than that caused by the nutrient salts alone.

Table XVI.

—

Effect of histidine on growth in culture solutions containing 8 p. p. m.n q,

of-

Culture
number.

Fertilizer ingredients in cul-

ture solution.

Green weight of
culture.

P2O5 NH3 K2
Without
histidine.

With
50 p. p. m.
histidine.

57
47
38
30
23

17
12

8

5
3

P. p. to.

8
16
24
32
40
48
56
64
72

P. p. TO.

8
8
8
8
8
8
8
8
8
8

P. p. m.
72
64
56
48
40
32
24
16
8

Grams.
1.450
1.720
1.570
i:940
1.940
1.940
2.240
2.040
1.600
1.220

Grams.
1.510
2.000
2.320
1.980
2.600
2.480
2. 200
1.800
1.650
1.410
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For the series of culture solutions containing 16 parts per million

this increase was still less as is shown by Table XVII, the average
increase of the series being only 5 per cent. The total growth of the
cultures without histidine was 16.770 grams as against 17.690 grams
with the histidine.

Table XVII. -Effect of histidine on growth in culture solutions containing 16 p. p.
of NH3 as nitrate.

m.

Fertilizer ingredients in cul- Green weight of
ture solution. culture.

Culture
number.

P2O5 NH3 K2
Without I J^ m̂
histidine. ?P-P-.P.-

m -

P. p. m. P. p. m. P. p. m. Grams. Grams.
58 16 64 1.500

I
1.730

48 8 16 56 1. 800 2. 140
39 16 16 48 2. 100 2. 180
31 24 16 40 1. 940 ' 2. 120
24 32 16 32 2. 150 ' 2. 380
18 40 16 24 2. 100 2. 400
13 48 16 16 2. 140 2. 020
9 56 16 8 1.820 1.440
6 64 16 1.220 1.280

The total growth for the series containing 24 parts per million

NH
3 as nitrate was 14.380 grams without histidine and 16.390 grams

with histidine, the average increase being 14 per cent. What the

effect of still larger amount of nitrate would have been is not deter-

minable by this experiment, but it seems probable that the effect is

of the same character as in the case of the other substances studied

with higher nitrate content.

INFLUENCE OF HISTIDINE ON ABSORPTION.

The analysis of the culture solutions during growth also showed

that this compound behaved like those already studied. The total

amount of phosphate, potash, and nitrate removed from the solution

by the plants in the cultures containing all three constituents was

637.6 milligrams for the control cultures and 645.9 milligrams for

the histidine cultures. The phosphate was 166.3 milligrams for the

control and 212.8 milligrams for the histidine cultures, an increase

of 56.5 milligrams. The potash was 276.6 milligrams for the control

cultures and 290.5 milligrams for the histidine cultures, an increase

of 13.9 milligrams. The greater growth in the histidine cultures

caused, therefore, a somewhat greater absorption of the phosphate

and potash. With nitrate, however, the reverse was the case. The
normal cultures consumed 194.7 milligrams, whereas the histidine

cultures consumed only 142.6, a difference of 47.9 milligrams, this

showing that the histidine had caused a decreased consumption of

this amount of nitrate, although an increase in growth had taken
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place in harmony with the behavior of creatinine, creatine, hypoxan-

thine, and nucleic acid in this respect.

ARGININE.

Arginine has been found in soils in the course of these investiga-

tions, but appears to be less stable under soil conditions than histi-

dine, as it has been found in much fewer instances. Arginine, like

histidine, is a common cleavage product of protein, and they are

usually associated in the more common proteins.

In testing the effect of arginine on plants the carbonate was used,

as in the case of histidine, already described, and the experiment

otherwise conducted in exactly the same manner and with the same
culture solutions, the arginine carbonate being added to the one set

of solutions at the rate of 50 parts per million. The wheat seedlings

grew from November 2 to November 14, 1911.

Arginine, like histidine, was beneficial to plant growth, and the

cultures showed the same general behavior. The growth in the

series of cultures containing no nitrate was again the one most influ-

enced by the compound. This is shown by the results given in Table

XVIII. The total weight of the 11 cultures without arginine was
13.840 grams against 18.340 grams for the cultures with arginine.

This is an increase of 33 per cent in growth. When nitrate was
present the arginine had far less effect even than the histidine in pro-

ducing additional growth, as was shown by the series of cultures con-

taining 8, 16, and 24 parts per million NH
3 as nitrate. The growth

in each of these series was approximately the same whether arginine

was present or not.

Table XVIII.—Effect of arginine on growth in culture solutions containing no nitrate.

Fertilizer ingredients in cul- Green weight of
ture solution. culture.

Culture
number.

P2O5 NH3 K2
Without
arginine.

With 50
p. p. m.
arginine.

P. p. m. P. p. m. P. p. m. Grams. Grams.
56 80 1.240 1.520
46 8 72 1.220 1.540
37 16 64 1.500 1.940
29 24 56 1.240 1.720
22 32 48 1.100 1.800
16 40 40 1.200 1.920
11 48 32 1.440 1.920

7 56 24 1.200 1.700
4 64 16 1.300 1.600
2 72 8 1.440 1.640
1 80 0.960 1.040

The absorption, too, is in line with the results obtained with histi-

dine, although not so definite. The total for the cultures containing

all three elements was 672.9 milligrams without arginine and 587.4
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milligrams with arginine. The phosphate removal was 196.2 milli-

grams in the control and 160.7 milligrams in the arginine cultures.

The potash removal was 278.6 milligrams in the control and 270.9

milligrams in the arginine cultures. The nitrate consumption was
198.1 milligrams in the control and 155.8 milligrams in the arginine

cultures.
CHOLINE.

The presence of choline in soils has been demonstrated in this lab-

oratory by the preparation of the characteristic platinum chloride

derivative. It is not related to the protein bodies directly, as are

the preceding compounds, but forms a part of the molecules of the

organic phosphorus compounds of both plants and animals, the leci-

thins, and is therefore always found when these are decomposed in

the laboratory or by natural agencies, such as bacteria. It is also

found as a constituent of various plant tissues. The lecithins are

closely related to the fats in constitution and are found in all veg-

etable tissues, being fully as widely distributed as the proteins and
sugars. Choline, being formed as a product of this decomposition of

the lecithins widely distributed in the vegetable kingdom, is there-

fore likely to occur in all soils, at least as an intermediary product.

The effect of choline on wheat seedlings was studied in distilled

water solutions and the results reported in Bulletin47. The results,

though not very decisive, appeared to show that choline is mildly

toxic. In the lower concentrations, from 1 to 100 parts per

million, the seedlings, more especially the roots, showed increased

growth, analogous to the stimulating effect of small amounts of toxic

bodies. The concentrations above 100 parts per million were distinctly

toxic, producing a retardation in root and top development, although

even a concentration of 1,000 parts per million was not fatal to the

plants.

It would seem, therefore, that choline is neither decidedly bene-

ficial nor decidedly toxic. If beneficial, it is only so in small amounts;

if harmful, it is only so in large amounts.

In order to throw a little more light upon the action of choline in

the lower concentrations a series of experiments in nutrient solutions

using 50 parts per million choline were used. The composition of the

nutrient solutions selected for the test are given in Table XIX. It

will be seen that three of the cultures contained no nitrate whatever,

three contained eight parts, three contained 16, and three 24 parts per

million nitrate. The solutions were changed every three days and

analyzed. The plants grew from March 18 to March 30, 1912. The

green weights obtained at the termination of the experiment are

given in the last two columns of Table XIX.
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Table XIX.

—

Effect of choline on growth of wheat in nutrient solutions.

49

Composition of culture
solution.

Green weight of
culture.

P2O5 NH3 K2
Without
choline.

With 50
p. p. m.
choline.

P. p. m.
56
40
24

56
40
24

48
32
16

48
32
16

P. p. m.

8
8
8

16
16
16

24
24
24

P. p. m.
24
40
56

16
32
48

16
32
48

8
24
40

Grams.
1.650
1.660
1.400

1.840
2.300
2.100

2.200
2.700
2.100

1.600
2.750
2.660

Grams.
1.640
1.920
1.620

2.420
2.500
2.050

2.405
2. 650
2.305

1.550
2.630
2.650

With this concentration of choline—50 parts per million—the
green weight was*greater than the control in two cases out of three in

the first three groups wrhere nitrate was absent or low. The last group

having 24 parts per million nitrate, the choline produced no increase

in growth, a decrease in fact being observable. The first group, with

no nitrate present, showed an average increase in growth amounting
to 9 per cent; the second group, with 8 parts per million nitrate, showed
an average increase of 14per cent; the next group, 5 per cent increase;

the last, 3 per cent decrease. In a minor way this behavior is similar

to that shown by the nitrogenous compounds beneficial to growth

already given, and it is interesting to observe if the nitrate consump-
tion of the choline plants is in harmony with this action. This was
found to be the case when the analytical data obtained were con-

sidered. The results were as follows : The phosphate absorption was,

for the normal cultures, 117.3 milligrams, and for the choline

cultures, 118.8 milligrams; the potash absorption was, for the normal

cultures, 180.5 milligrams, and for the choline cultures, 175.4 milli-

grams; the nitrate absorption was, for the normal cultures, 103.3

railligrams, and for the choline cultures only 85.2 milligrams. The
potash and phosphate absorptions are practically the same, but the

nitrate consumption of the plants is less in the case of the choline

cultures by 18.1 milligrams in harmony with the effect of the other

compounds studied.

It would seem, therefore, that we must conclude that in lower

concentrations of choline the substance is slightly beneficial to plant

growth and probably utilized by the plant as a source of nitrogen,

since the nitrate consumption is lessened, although plant growth is

slightly increased.

50602°—Bull. 87—12 4
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PICOLINE CARBOXYLIC ACID.

Picoline carboxylic acid has been isolated from soils and, while the

difficulty of its separation has not made it possible to ascertain to

what extent it may be a common constituent, it has, nevertheless, been
found in widely separated and distinctly different soils in the eastern

United States and in Hawaii. 1 Picoline carboxylic acid is related to

uvitonic acid which can be made from pyruvic acid and ammonia.
Pyruvic acid is, however, a constant secondary decomposition prod-

uct of protein, so that the most that can be said at present is that

picoline carboxylic acid may arise from the splitting and decomposi-

tion of protein in soil.

The effect of picoline carboxylic acid on plant growth was tested in

connection with the above investigation regarding its occurrence.

It was tested in distilled water cultures in concentrations of 1 to 200

parts per million.

Table XX.

—

Effect of picoline carboxylic acid on tcheat seedlings.

Solution.

Control in distilled water
Picoline carboxylic acid, 1 p. p. m
Picoline carboxylic acid, 10 p. p. m
Picoline carboxylic acid, 50 p. p. m
Picoline carboxylic acid, 100 p. p. m
Picoline carboxylic acid, 200 p.p.m

From the figures it must be concluded that picoline carboxylic

acid is toxic, at least moderately so. In the solutions containing 100

to 200 parts per million, in addition to the decreased weight of the

plants, the roots showed the abnormal appearance characteristic of

the presence of an injurious compound, little growth, with root tip

first darkened, then club-shaped or hooked.

The effect of the related uvitonic acid on plants, inasmuch as it has

not yet been found in soils, will be given in another section of this

bulletin. It was more harmful to growth than the picoline carboxylic

acid. It would seem that the nitrogen in these compounds is not

directly utilizable by the higher plants. Molds grow very well in

solutions of picoline carboxylic acid and are, in fact, kept out of

solutions only with difficulty when the compound is being crystallized.

STUDY OF THE EFFECT OF OTHER NITROGENOUS COMPOUNDS
ON GROWTH AND ABSORPTION.

In addition to the study of the nitrogenous soil constituents in the

preceding portion of this bulletin, other data have been obtained for

i Organic Nitrogen in Hawaiian Soils, by Edmund C Shorey. Rept. Hawaii Agr. Expt. Sta., 1906,

p. 37. The Isolation of Harmful Organic Substances from Soils by Oswald Schreiner and Edmund C
Shorey. Bui. No. 53, Bureau of Soils, U. S. Dept. Agr.
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nitrogenous compounds not yet isolated from soils.1 It was, in fact,

along these lines that the earlier investigations were conducted before

definite constituents had been isolated from soils. The difficulties

encountered in the isolation of definite soil constituents were then

so great and the progress necessarily so slow that it was thought

that the synthetic way of adding compounds of known composition,

known properties, and known derivation from plants to culture

media, in order to study their properties and the effect which they

might have upon plant growth, would answer the question whether

such compounds are toxic or beneficial to plants much sooner than

could possibly be done by first isolating them from the soil and then

trying their properties. Proceeding in this way it was possible to

reach a broader survey of the effect of organic plant remains and get

a clearer conception of the manner in which these function in the

soil. In extending the observations made in the earlier work along

these fines, this same principle has controlled the work and it is thus

possible to be not only a little ahead of the actual isolation of com-

pounds, but also obtain a broader view of the subject, especially in

regard to their function in the soil. In this section are presented the

results of the investigations made in this laboratory with a number of

compounds allied to the nitrogenous constituents already found in

soils, as well as with some which future investigations may show to

be present in soils.

ASPARAGINE.

Asparagine is a water soluble form of organic nitrogen material

which is relatively abundant in plants. It was first found in the

young shoots of asparagus and subsequently in a large number of

other plants representing many different families.

This experiment on the effect of asparagine was carried out in

every way as described with nucleic acid and some of the other com-

pounds in the previous section. All of the fertilizer combinations,

66 in number, were used in the cultures, and to a second set 50 parts

per million of asparagine were added to each culture. The wheat

seedlings grew from November 13 to November 25, 1909. The solu-

tions were changed every three days and analyzed.

The total green weight of the asparagine set was 148.2 grams,

against 134.9 grams for the normal or control set, an increase of 9 per

cent as an average of all the asparagine cultures.

The appearance of the two sets of cultures left no doubt concerning

the beneficial action of this compound, an effect again most marked
in the series of cultures containing no nitrate. This series of cul-

tures is reproduced in Plate VI. Cultures marked with the same
number, for instance 56 and 56A, have the same proportions of potash

1 Certain Organic Constituents of Soils in Relation to Soil Fertility, by Oswald Schreiner and Howard S.

Reed. Bui. No. 47, Bureau of Soils, U. S. Dept. Agr. (1907).
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and phosphate. The cultures marked with the number alone contain

no asparagine; the cultures with the letter A have 50 parts per million

of asparagine. It will be seen that each culture containing aspara-

gine, no matter what the proportion of phosphate and potash may be,

is larger than the cultures growing in a similar solution without the

asparagine. The effect of the asparagine shows itself quite early. In

Plate VII, figure 1, for instance, are shown the plants growing in

solution No. 16, containing 40 parts per million each of potash and
phosphate, without and with asparagine, photographed at the end of

6 days.

The effect of the asparagine is already distinctly noticeable, and
becomes more decided as the experiment progresses, as is shown, for

instance, by comparing this photograph with the same plants shown
in Plate VI, cultures 16 and 16A, photographed six days later.

The weight of the tops of these two cultures at the end of the

experiment was, respectively, 1.223 grams and 2.199 grams, an in-

crease of 80 per cent.

EFFECT OF ASPARAGINE IN CULTURES CONTAINING NO NITRATE.

The green weight of the tops taken at the termination of the ex-

periment are given in Table XXI for the entire series containing no

nitrate. All of the cultures with asparagine present show a marked
increase in weight. The total weight of the 11 cultures without

asparagine was 13.714 grams against 20.478 grams with asparagine,

thus showing an increase of 47 per cent as an average effect in the

various cultures without nitrate.

Table XXI.

—

Effect of asparagine on growth in culture solutions containing no nitrate.

Fertilizer ingredients in cul- Green weight of cul-

ture solution. ture.

Culture
number. Without With 50

P2 5 NH3 K2 aspara-
gine.

p. p. m. as-

paragine.

P. p. m. P. p. m. P. v. m. Gravis. Grams.
56 80 1.385 1.832

46 8 72 1.368 1.644

37 16 64 1.382 1.742

29 24 56 1.119 1.825

22 32 48 1.393 2.145

16 40 40 1.223 2.199
11 48 32 1.167 1.932

7 56 24 1.243 2.199

4 64 16 1.313 1.909

2 72 8 1.311 1.775

1 80 0.810 0.975

EFFECT OF ASPARAGINE IN CULTURES CONTAINING NITRATE.

In Table XXII are given the green weights obtained in the next

series of cultures, all of which contarn the uniform amount of eight
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parts per million NH3 as nitrate, with varying quantities of potash

and phosphate. The effect of asparagine is still noticeable in these

green-weight figures as it was while the plants were growing, but

the additional effect is much less marked than in the absence of all

nitrates shown in the preceding table. The total growth in this

series without asparagine was 19.298 grams, against 22.075 grams
with asparagine, an additional increase of 14 per cent due to aspara-

gine. "When no nitrate was present this additional effect of the

asparagine was 47 per cent.

Table XXII. -Effect of asparagine in culture solutions containing 8 p. p.
nitrate.

m. NHo as

Fertilizer ingredients in cul- Green weight of cul-
ture solution. ture.

Culture
number. Without With 50

P2O5 NH3 K 2 aspara-
gine.

p. p. m. as-

paragine.

P. p. m. P. p. m. P. p. m. Grams. Grams.
57 8 72 1.880 1.830
47 8 8 64 1.912 2.275
38 16 8 56 2.234 2.184
30 24 8 48 2.244 2.580
23 32 8 40 2.027 2.665
17 40 8 32 1.839 2.433
12 48 8 24 1.961 2.545
8 56 8 16 2.073 2.240
5 64 8 8 1.863 2.068
3 72 8 1.265 1.255

In Table XXIII the green weight for the series of cultures con-

taining 16 parts per million NH3 as nitrate is given. Without the

asparagine the total weight of these cultures is 19.917 grams, with

asparagine it is 21.253 grams, or only an increase of 7 per cent. The
additional effect of asparagine was still less in the 24 parts per

million NH3 cultures, and with the higher concentrations this effect

became even uncertain.

Table XXIII. Effect of asparagine on growth in culture solutions containing 16
p. p. m. ofNHZ as nitrate.

Fertilizer ingredients in cul- Green weight of cul-

ture solution. ture.

Culture
number. Without With 50

P2O5 NH3 K2 aspara-
gine.

p. p. m. as-

paragine.

P. p. m. P. p. m. P. p. m. Grams. Grams.
58 16 64 1.905 2.379
48 8 16 56 2.270 2.489
39 16 16 48 2.510 2.255
31 24 16 40 2.518 2.795

24 32 16 32 2.2S9 2.660
18 40 16 24 2.633 2.566
13 48 16 16 2.256 2.545

9 56 16 8 2.219 2.245

6 64 16 1.317 1.319
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While the effect of the asparagine decreased with increasing

nitrate so far as additional effect on growth is concerned, it had,

nevertheless, a conserving effect upon the amount of nitrate left in

the solution during the time the plants were growing, as is shown by
the analysis of the solutions.

The total potash, phosphate, and nitrate removed from the cul-

tures containing all three of these was 1,109.6 minigrams for the

normal and 1,117.0 milligrams for the cultures containing asparagine.

Of these totals; the control cultures removed 201.2 milligrams and

the asparagine cultures 326.0 milligrams of phosphate; the control

471.2 milligrams and the asparagine cultures 485.6 milligrams of

potash; the control 437.2 milligrams and the asparagine cultures only

305.4 milligrams of nitrate. Potash and phosphate were absorbed

in somewhat larger quantities by the asparagine cultures, but the

nitrate consumption was much decreased, 131.8 milligrams less than

the control cultures.

ASPARTIC ACID.

Aspartic acid has been found in young sugar cane and in the mo-
lasses of the sugar beet. It is probably not widely distributed in

nature, but has been shown to exist in seedlings of the bean and

pumpkin. Aspartic acid is related to asparagine, which is its mono-

amide, and can be prepared therefrom by boiling with hydrochloric

acid. It is also formed by the decomposition of proteins with dilute

sulphuric acid.

Its physiological action on higher plants is not very definitely

determined. Aspartic acid has been tested by Prianischnikoff and

Lebedeff with barley, Brown with barley germs, Molliard with rad-

ishes, Hutchinson and Miller with peas, and in this laboratory as-

partic acid was tested with wheat seedlings, using concentrations

ranging between 1 and 750 parts per million. The plants were killed

in solutions stronger than 500 parts per million, presumably on

account of the acid properties of the solution. In the solution con-

taining 100 parts per million there was little injury, and below that

no injury.

Hutchinson and Miller used the sodium salt and were able to show

an increase in the nitrogen of peas grown in solutions of sodium

aspartate.
LEUCINE.

Leucine is a very common decomposition product of proteins. It

also occurs in the fly agaric, in vetches, lupine, gourd, molasses of

the sugar beet, potatoes, blighted corn, etc. It undoubtedly exists

in soil in a transitory state; as is common with other monoamino

acids it decomposes readily under soil conditions. In fact, the leu-
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cine showed decomposition even in the cultures in these experiments.

At the end of three days when the solutions were changed they

showed the presence of ammonia by Nessler's reagent and had a

distinct unpleasant odor. This was true whether plants grew in the

solutions or not, as was demonstrated in tests conducted in connec-

tion with this experiment.

Two sets of cultures with and without leucine were set up, the

number and composition of the cultures being as in the case of histi-

dine, consisting of the 4 series of cultures containing 0, 8, 16, and 24

parts per million of NH3 as nitrate, respectively, the cultures with

higher amounts of nitrate being omitted. The wheat seedlings grew
from October 18 to October 30, 1911. While beneficial, the effect of

the leucine was not nearly so marked as in the case of asparagine,

histidine, etc. The total weight of normal cultures was 72.9 grams
against 76.2 grams in the leucine cultures, an increase of less than

5 per cent.

EFFECT OF LEUCINE IN CULTURES CONTAINING NO NITRATE.

Table XXIV shows the green weight of the series of cultures con-

taining no nitrate. The leucine cultures shown in the last column
are greater than the normal or control cultures given in the fifth

column. The total for the normal cultures is 15.362 grams against

17.172 grams for the leucine cultures, an increase of 11 per cent.

Table XXIV.

—

Effect of leucine on growth in culture solutions containing no nitrate.

Culture
number.

Fertilizer ingredients in
culture solution.

Green weight of cul-
ture.

P 2 5 NH3 K2
Without ™*«>
leucine

-
1

fcSS:

56
46
37
29
22
16
11

7
4
2
1

P. p. m.

8
16

24
32
40
48
56
64
72
80

P. p. m. P. p. m.
80
72
64
56
48
40
32
24
16

8

Grams.
1.540
1.510
1.540
1.500
1.500
1.400
1.542
1.240
1.320
1.320
0.950

Grams.
. 1.640
1.740
1.752
1.700
2.000
1.800
1.740
1.250
1.320
1.340
0.890

EFFECT OF LEUCINE IN CULTURES CONTAINING NITRATE.

Table XXV gives the green weight for the cultures containing 8

parts per million NH3 as nitrate. The total for the series was, con-

trol cultures 20.139 grams, leucine cultures 20.760 grams, an increase

of 3 per cent.
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Table XXV.

—

Effect of leucine on growth in culture solutions containing 8 p. p. m.
NHZ as nitrate.

Fertilizer ingredients in Green weight of cul-
culture solution. ture.

Culture
number.

P 2 5

1

nh3 :
k2o

Without
leucine.

With 50
p. p.m.
leucine.

P. p. m. P. p. 772.1 P. p. 772. Grams. Grams.
57 8 72 1.620 2.020
47 8 8 64 2.010 2. 340
38 16 8 56 2.200 2.300
30 24 8 48 2.220 2.320
23 32 8 40 2.220 2.300
17 40 8 32 2.520 2.040
12 48 8 24 2.449 2.200
8 56 8 16 1.940 2.140
5 64 8 8 1.540 1.700
3 72 8 1.420 1.400

In the next two series of cultures the additional effect attributable

to leucine had entirely disappeared. Whether this result, as well as

the lower results obtained in the above series with leucine, are attribut-

able to a lower efficiency of this compond or to the fact that only a part

of it was available before decomposition set in, can not be definitely

decided by this experiment. This much is certain, however, that the

decomposition products, including ammonia and probably other

amines, were not as beneficial as the other nitrogenous compounds
studied. It is probable that their formation reduced the effect of

leucine rather than augmented it.

The consumption of nitrates as shown by the determinations on the

three-day changes were much nearer alike in the two sets, the normal

and the leucine set, than in the case of any of the compounds thus far

described, a result which is in harmony with the small increase in

growth attributable to the leucine. The nitrate consumption in the

normal cultures was 221.9 milligrams against 196.6 milligrams in the

leucine cultures, a decreased consumption of only 25.3 milhgrams.

ALLANTOIN.

Allantoin occurs in some animal funds and has also been found in

the young leaves of the plane tree, in the sprouts of xlcer species and

horse-chestnut bark, and in beet juice. The allantoin in the animal

body is supposed to be a product of the oxidative destruction of

purine bases, and in particular of uric acid. Shibata, working with

Aspergillus niger, showed that this mold had no action on allantoin.

Brown showed an increase of nitrogen in the case of excised barley

embryos due to allantoin, behaving in this respect like choline.

The effect of allantoin on plants was tried in the same general way
as described for the other compounds. The test lasted from May 7

to May 19, 1911. The control and the allantoin set showed no per-

ceptible difference as a whole, although the no nitrate series was
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better, a fact also borne out by the green weights of this series as

shown in Table XXVI. The total green weight of the control cultures

was 17.493 grams against 21.595 grams for the allantoin cultures, an
increase of 23 per cent.

Table XXVI.

—

Effect of allantoin on growth in culture solutions containing no nitrate.

Fertilizer ingredients in Green weight of cul-
culture solution. ture.

Culture
number.

P2 5 NH8

1

K2
Without
allantoin.

With 50

p. p.m.
allantoin.

P.p. to. P. p. to. P. p. TO. Grams. Grams.
56 80 1.509 1.650
46 8 72 1.400 1.959
37 16 64 1.820 1.928
29 24 56 1.608 2.050
22 32 48 1.600 2.220
16 40 40 1.650 2.200
11 48 32 1.820 2.170
7 56 24 1.620 2.320
4 64 16 1.748 2.028
2 72 8 1.594 1.920
1 80 1.124 1.150

The next series of cultures, those containing 8 parts per million

nitrate, showed almost no increase, being 24.121 grams for the con-

trol and 24.990 grams for the allantoin cultures. The solutions still

higher in nitrate became very uncertain and even showed some
decrease, so that the total growth of the 66 cultures in each set was
practically the same, namely, for the control 163.7 grams and for

the allantoin set 163.6 grams. Allantoin appears therefore to be a

body which has an effect on plant growth, when no nitrate is present,

but as soon as even the smallest amount of nitrate is available to

the plant, the allantoin has no further effect on growth. We would

conclude from this that allantoin is of only indifferent value as a direct

nutrient for wheat.
CYSTEIN.

Cystein and cystin are closely related compounds. Cystin is a

constant and abundant dissociation product of most albumins.

Although often accompanied by cystein, the cystin is held to be

the primary dissociation product of the albumin. Cystein is formed

from cystin by reduction, which can be accomplished in the labora-

tory with granulated tin and hydrochloric acid.

The crystalline cystein so prepared was used in these experiments.

Owing to the fact that cystein in aqueous solution is oxidized to

cystin on exposure to air, the result of the tests may not be wholly

due to cystein alone, as it is probable that a portion at least went

over into cystin. Of the effect of the latter by itself we have no

evidence other than that from an earlier preliminary experiment, in

which the cystin appeared to be so insoluble in the culture solutions
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that no noticeable effect on growth was produced. It would, there-

fore, appear that neither cystin nor cystein had any decided effect on
plant growth, as is shown in the following.

The effect of cystein on plants was tried by adding 50 parts per

million to each solution, the total number of 66 cultures being used

in the test, a control set being grown at the same time. The solu-

tions were changed every three days, but no analyses were made.
The wheat seedlings grew from January 17 to January 29, 1912.

No perceptible difference in the appearance of the two sets of

cultures was noticed during growth. The green weight of tops

taken at the termination of the experiment likewise showed no
appreciable difference. The total green weight for the control

cultures was 125.6 grams and for the cystein cultures was 122.2

grams. It was obvious that the cystein in these cultures had no
such effect as that shown to exist in the case of asparagine, histidine,

creatinine, etc. While the series of no nitrate cultures showed a
trifling increase, the 8 parts per million nitrate series showed a corre-

sponding decrease in harmony with the results of the sets as a whole.

Nor did the results obtained in the tests show any other special

characteristics in regard to a different effect in the cultures of vary-

ing composition in phosphate, potash, and nitrate. In Table XXVII
the results are grouped according to whether the cultures are mainly

phosphatic, mainly nitrogenous, or mainly potassic, by combining

all the cultures in the subtriangles 1-16-21, 21-61-66, and 16-56-61

(see fig. 1), respectively.

Table XXVII.

—

Showing the effect of cystein with fertilizer mixtures mainly phos-
phatic, mainly nitrogenous, and mainly potassic.

Culture solutions.

Green weight.

Without
cystein.

With 50
p. p.m.

Mainly phosphatic group.
Mainly nitrogenous group
Mainly potassic group
All other cultures

Total set

Grams.
33.34
40.10
37.74
14.41

125. 59

Grams.
32.63
39.31
36.18
14.06

122.18

All these groups are in harmony in showing a slightly depressed

growth, but otherwise reveal nothing of especial interest.

GTJANIDINE.

It should be mentioned at the very outset that guanidine behaved

in every respect differently than the compounds hitherto considered,

having a very decided physiological action and toxic influence on

growth.
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Guanidine ha been found in some plants. It may arise from the

oxidation of arginine . Arginine is a decomposition product of proteins

and exists in plants, and has also been found in soils, as already men-
tioned. Interesting in this connection is the appearance of guanidine

in seedlings, as reported by Schulze, 1 which probably results by fur-

ther changes from arginine. Guanidine can also be formed by the oxi-

dation of guanine in the laboratory.

Guanidine was first shown to be toxic to plants by Kawakita 2 and
later in this laboratory. 3 According to Shibata, 4 who studied the

effect of Aspergillus niger on a number of nitrogenous compounds,
this mold had no effect on guanidine. Hutchinson and Miller report

guanidine among the nitrogenous compounds assimilated by plants.

In the earlier experiments in this laboratory the guanidine carbo-

nate was studied in various concentrations of distilled water. The
wheat plants were killed in solutions stronger than 100 parts per

million in 9 days. In all the lower concentrations, including 1 part

per million, the wheat plants were seriously injured.

This harmful effect of guanidine has since been more thoroughly

studied. This time the nutrient culture solutions, 66 in number,

were used, comprising all the combinations of potash, phosphate,

and nitrate, as explained in the section on the methods used in these

investigations. Two sets of these cultures were prepared—one was

used as a control; to the other was added 25 parts per million of

guanidine carbonate to each culture. The wheat seedlings grew from

February 15 to February 27, 1911. The solutions were changed

every three days and analyzed.

For the first few days no difference was noticeable between the

control and the guanidine set. About the fifth day bleached spots

appeared on the leaves in some of the cultures, producing an effect

like a plant disease. These diseased spots on the leaves spread and

became larger and more numerous. The spots appeared first on a

few cultures, and apparently spread to other cultures, but when the

cultures were arranged in the order of their composition the reason

for this became evident. The guanidine effect showed itself first in

the cultures high in nitrate and then spread to those lower in nitrate,

until the series of no nitrate content was reached. In this series

the guanidine effect was scarcely discernible. As the plants grew

older the guanidine effect became more and more marked, the

bleached spots coalesced and appeared most marked in the lower part

of the leaves, the leaves would finally break, presenting on the

whole an effect similar to that produced by a wilt disease, and was

accompanied with considerable bleaching of the green parts of the

plant. This, at least, was the effect in all of the cultures containing

i Zeit. physiol. Chem., 17, 197 (1892). 3 Bui. 47, Bureau of Soils (1907), p. 27.

2 Bui. Coll. Agr., Tokyo, 6, 182 (1904). < Hofmeister's Beitrage, 5, 384 (1904).
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nitrate, and was the more marked the higher the nitrate. The
series containing no nitrate, however, retained its green color and
was not subject to collapse or wilting, although here and there some
bleached dots appeared.

In Plate VIII are shown the two sets of cultures. A is the normal
or control set and B the guanidine set. The distinctly destructive

effect of the guanidine is apparent in the blighted appearance of set

B in striking contrast to the fine growth in the control cultures,

which is even more marked than the photograph can show, because

of the deep green color of the normal set, contrasted with the bleached

appearance of the guanidine set.

In Plate IX a nearer and better view is had of this guanidine set.

The plants are arranged according to the composition of their culture

solutions, -in the form of a triangle as suggested by figure 1. By
this arrangement the highest nitrate culture appears at N, the high-

est phosphate culture at P, and the highest potash culture at K, the

position of intermediate cultures becoming apparent by glancing at

figure 1. It is apparent that the poorest plant development occurs

in those cultures high in nitrate, but is distinctly noticeable in every

culture except in the line of cultures from P to K, which is the series

containing no nitrate. The plants in this line of cultures are firm

and erect as can be seen in the photograph. In actuality this differ-

ence is further accentuated by the nearly normal green color of this

series, whereas all other cultures, in addition to the dilapidated

condition, had a decided bleached appearance.

The effect of the nitrate in increasing the harmful effect of guani-

dine is also shown by the weight of the tops taken at the termination

of the experiment. In Table XXVIII the first column gives the

series of cultures which have like nitrate content. The amounts of

nitrate in each culture of these series are given in the second column.

The third and fourth columns give the weight of the tops of the

plants grown in the cultures without and with 25 parts per million of

guanidine carbonate. It is at once apparent that the guanidine is

very harmful to growth. The total green weight of the 66 cultures in

the normal set was 151.2 grams against only 99.5 grams in the guani-

dine set. Placing the normal at 100, the growth in the guanidine set

becomes 66. The last column gives the relative growth in each of the

series of uniform nitrate content in the set. The culture which con-

tained 80 parts per million NH3 as nitrate gave a relative weight of

only 31 or a decrease in growth of 69 per cent, whereas in the series of

cultures which contained no nitrate the relative growth was 94 or a

decrease of 6 per cent only below the control. As shown in the table,

the relative weight of tops obtained increased with decreasing nitrate

content.
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Table XXVIII.

—

Effect of guanidine on growth as influenced by nitrate. Experiment I.

Green weight of

cultures.

Culture se-

ries. (See

NH3 as ni-
trate in
fertilizer

mixture.

weight
(without

fig.l.) "Without
guanidine.

With
25 p. p.m.
guanidine.

guanidine=
100).

P. p. m- Grams. Grams,
66 80 1.659 0.520 31

55-65 72 4.178 1.990 47
45-64 . 64 6.860 3.412 48
36-63 56 9.449 5.031 53
28-62 48 12. 359 6.874 55
21-61 40 15. 998 8.394 52
15-60 32 18.649 11. 491 62
10-59 24 21. 691 13. 602 62
6-58 16 23. 327 15. 709 67
3-57 8 20. 923 17. 288 83
1-56 16. 156 15. 195 94

This effect of guanidine on growth, and especially the harmful influ-

ence of the nitrate, wras considered so remarkable that the entire

experiment was repeated with absolutely the same results. The
plants grew from March 17 to March 29, 1911. Again the effect of the

guanidine did not appear until about five days had elapsed, and again

it showed itself first, and later most marked, in the high nitrate solu-

tions. Again the no nitrate cultures were left practically unharmed.

The total green weight for the normal set was 163.9 grams and in the

guanidine set it was 1 16 .3 grams, or a relative green weight of 7 1 . The
weight of the tops in the different nitrate series are given in Table

XXIX, the arrangement being exactly the same as in Table XXVIII.
The last column, giving the relative green weight of the different

nitrate series, again shows the greater harmfulness of the guanidine

in the series containing nitrate, which is especially marked in those

high in nitrate.

Table XXIX.

—

Effect of guanidine on growth as influenced by nitrate. Experiment II.

Green weight of

cultures. Relative
Culture se-

ries. (See

NH3 as ni-

trate in
fertilizer

mixture.

weight
(without

fig.l.) Without
guanidine.

With
25 p. p. m.
guanidine.

guanidine=
100).

P. V- TO. Grams. Grams.
66 80 2.201 1.003 46

55-65 72 4.040 2.040 50
45-64 64 7.275 4.021 00

36-63 56 10. 359 5.996 57

28-62 48 13. 387 7.544 56
21-61 40 17. 394 10. no 58
15-60 32 20.821 13.204 63

10-59 24 22. 769 16. 952 74
6-58 16 25. 614 18. 141 71
3-57 8 24. 097 21. 112 81

1 56 15. 969 16. 164 100
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In the first experiment the solutions were also analyzed for phos-

phate, nitrate, and potash. The results show a marked decrease in

the absorption of the nutrient salts on the part of the guanidine

plants, although the roots themselves were not noticeably affected, as

is apparent from the plants visible in Plates VIII and IX.

The total phosphate, nitrate, and potash removed by the normal
plants were 1,608.9 milligrams, against only 1,088.5 milligrams in the

guanidine set. The phosphate removal was 427.3 milligrams in the

control and 287.0 milligrams in the guanidine set; the potash was
723.7 milligrams for the control and 496.7 milligrams for the guani-

dine set; the nitrate was 457.9 milligrams for the control cultures

and 304.8 milligrams for the guanidine cultures.

The effect of guanidine was further studied using plants other than

wheat. In Plate X, figure 1, is shown its effect on corn growing in cul-

ture solution No. 41, containing 16 parts per million phosphate, 32

parts per milhon nitrate, and 32 parts per million potash. Figure 2

shows the effect of guanidine on cowpeas, the control and guanidine

cultures being in duplicate. The culture solution is No. 41 . Plate XI,

figure 1, shows its effects on the potato plant. With all of these plants

the harmful effect on growth is clearly shown and the same general

physiological action was manifested as in the case of wheat.

In regard to the influence of nitrate in increasing the harmfulness

of guanidine, some further studies were made which indicate that the

beneficial nitrogen compounds studied in this paper do not share this

property with the nitrate.

To solution No. 41, containing 16 parts per million phosphate, 32

parts per million nitrate, and 32 parts per million potash, 25 parts per

million of guanidine were added, and wheat seedlings were grown in

this solution as well as in a control without the guanidine. A simi-

lar set of cultures was prepared with and without guanidine, but

with this difference, that the nitrate was omitted entirely and an

equivalent amount of nitrogen in the form of asparagine added to the

culture solution. The plants grew from March 10 to March 23, 1911.

The characteristic effects of guanidine were noticed in the culture

containing nitrate, but did not appear in the culture containing

asparagine. The appearance of the cultures is shown in Plate XI,

figure 2, where No. 1 is the control with nitrate and 3 the control with

asparagine. Nos. 2 and 4 are the guanidine cultures to be compared

with each other and with their respective controls. No. 2 shows

the wilting effect of the guanidine, as well as the decreased growth.

The colors of the various cultures brought out the difference even

more strikingly. The green weights given in Table XXX bear out

the same point.
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Table XXX.

—

Effect of guanidine in culture solutions containing nitrogen as nitrate

and as asparagine.

Culture solution.
Green
weight.

Culture solution.
Green
weight.

CaH4(P0 4)2..)

NaN0 3 >

Grams.
4.0

2.5

CaH4(P0 4)2..] Grams.
3.5

K2S0 4 ]

CaH4(P0 4)2--l
NaNC-3 >+2o p. p. m. guanidine
K2SO4 j

K2SO4 J

CaH4(P04)2 -.]
Asparagine . . >+25 p. p. m. guanidine
K2SO4

J

3.3

The soil constituent, creatinine, was later also tried in this same
manner. The plants grew from October 19 to November 1, 1911.

The results of this test are given in Table XXXI, and again the guan-

idine effect is not shown in the culture containing the creatinine.

Table XXXI.

—

Effect of guanidine in culture solutions containing nitrogen as nitrate

and as creatinine.

Culture solution.

CaH4(P04)2--
NaN0 3

K2SO4

CaH4(P04)2--
NaN0 3 J-+25 p. p. m. guanidine
K2SO4....

Culture solution.

CaH4(P0 4)2--l

Creatinine... >

K2SO4 j

CaH4(P04)2

Creatinine . . . J-+25 p. p. m. guanidin
K 2S0 4

Green
weight.

Grams.
3.0

3.0

TYROSINE.

Tyrosine is one of the most important and most widely distributed

protein hydration products. Tyrosine exists as such in many
plant organs, especially those which contain appreciable quantities

of protein, and is to be regarded as a splitting product of protein. It

has also been found in certain fungi. The tyrosine group appears to

be present in the protein molecule, and to it are due some of the reac-

tions shown by this class of bodies. Lutz's early work showed tyro-

sine to be harmful, but in a later article with a different species of

Cucumis he obtained a beneficial result. Brown failed to show that

tyrosine was utilized by excised barley embryos.

Tyrosine was tested in these laboratories in 1907 by growing wheat
seedlings in various concentrations, using distilled water. At a con-

centration of 100 parts per million it killed the roots and injured the

tops. It was even injurious in a concentration as low as 16 parts per

million. During the first few days the roots showed a pathological

condition, and before the tenth day they were dead. At a concen-

tration of 1 part per million there was a very slight increase in growth

over the controls. The physiological action of different samples of

tyrosine was not always of equal intensity.
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Upon long standing with exposure to air the tyrosine solutions

underwent change and became quite dark in color, resembling manure
extract. The changes wrought were probably the same as those pro-

duced by the enzyme tyrosinase, which oxidizes tyrosine to homo-
gentisinic acid, which in time gives rise to the dark-colored compounds.

This darkened solution and a fresh t}Tosine solution was used in

equivalent strengths of 16 parts per million, for growing wheat seed-

lings, together with a control in pure distilled water. In a few days

the plants in the two solutions showed pronounced differences, which
became greater as the experiment was continued. The plants in the

fresh tyrosine were more poorly developed than those grown in dis-

tilled water. The leaves were narrow and beginning to die at the

tips. The roots were dead and had become slimy. The plants in the

discolored tyrosine had made excellent growth. The leaves were

rich, green, broad, and making vigorous growth. The roots showed

a similar good development.

Since the above work was done the work of Molliard on radishes

confirms the harmful action of tyrosine.

GLYCOCOLL.

Glycocoll, amido-acetic acid, is one of the simpler protein degrada-

tion products found where decomposition is occurring. Its effect on

plants has been ascertained by several investigators, who have uni-

formly found it to be beneficial. In the experiments of this labor-

atory in which water solutions of glycocoll of varying concentrations

were used, the effect on wheat seedlings was beneficial in a concentra-

tion of 1,000 parts per million and less. Hutchinson and Miller in

one of their pea cultures showed that the nitrogen content of the

plant was increased by the use of glycocoll, although a slight decrease

was noticed in another culture.

ALANINE.

Alanine does not appear to have been found as yet in plants, but is

known as a very common splitting product of proteins. Its effect on

plants is still somewhat doubtful. In the tests in this laboratory the

lower concentrations in pure water were beneficial to growth, although

concentrations as high as 500 parts per million slightly injured the

roots of the wheat seedlings.

NEURINE.

Neurine is closely related to choline which has been found in soil.

Neurine differs from choline in having one molecule of water less in

its composition, and belongs to the class of bodies known as pto-

maines or toxines. Neurine is in all probability formed from choline

or from its mother substance lecithin, by the life process of certain

microorganisms, but has not yet been found in soil or in plants as

such.



Bui. 87, Bureau of Soils. U. S. Dept. of Agriculture. Plate IX.



Bui. 87, Bureau of Soils, U. S. Dept. of Agriculture. Plate X.

Fig. 1.—Effect of Guanidine on Corn.

[No. 1, without guanidine; No. 2. with guanidine.]

Fig. 2.—Effect of Guanidine on Cowpeas.

[Nos. 1 and 2, without guanidine; Nos. 3 and 4. with guanidine.]



Bui 87, Bureau of Soils, U. S. Dept. of Agriculture, Plate XI.
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Fig. 1 .—Effect of Guanidine on Potatoes.

[No. 1. without guanidine: No. 2, with guanidine.]

Fig. 2.—Effect of Guanidine with Nitrate and with Asparagine.

[No. 1, culture solution containing phosphate, potash, and nitrate: No. 2, same with guanidine:
No. 3, culture solution containing phosphate, potash, and asparagine: No. 4. same with
guanidine.]
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Neurine was tested in water cultures with wheat seedlings. A
concentration of 6 parts per million stimulated the growth in har-

mony with low concentrations of toxic compounds, but the plants

were already greatly injured in a solution containing 25 parts per

million, and a solution of 250 parts per million killed the seedlings in

a few days. When the neurine was neutralized with acetic acid, the

same effects were obtained. It is thus evident that neurine is far

more toxic than the related choline.

BETAINE.

Betaine, or oxyneurine, is closely related to both choline and
neurine. It is found widely distributed in seeds and plants and can

be derived artificially from choline by oxidation, with loss of water.

In contrast with the toxic neurine, this oxyneurine was shown to be

distinctly beneficial to growth in the experiments made in this

laboratory. The concentrations used were from 5 to 1,000 parts

per million and all showed a distinct beneficial effect. It is classed

by Loew among the compounds serving as a good source of carbon for

bacteria and lower forms of plant life.

SKATOL.

Skatol is a common product of putrefaction of protein materials

and is known to be the product of the activities of certain bacteria.

In water solutions skatol proved to be somewhat toxic to wheat seed-

lings. A concentration of 200 parts per million was sufficient to

kill the seedlings in nine days, and in the same time a concentration

of 50 parts per million was injurious, the roots being more injured

than the tops, although all of the cultures showed a decrease in the

weight of the tops.
PYRIDINE.

In the experiments with wheat seedlings it was found that pyri-

dine, although not sufficiently toxic at a concentration of 1,000 parts

per million to kill wheat plants in nine days, was nevertheless very

injurious, especially to the green parts of the plants. In a concen-

tration of as low as 50 parts per million the growth of the tops was
inhibited and the leaf tips turned brown. In the lower concentra-

tions there was no stimulation of growth.

In Lutz's experiments with corn and cucurbita the pyridine was
likewise found to be toxic.

PICOLINE.

Picoline, or methyl pyridine, was toxic to wheat plants, but only

killed in the concentrations of 1,000 parts per million, and did not

cause injury below 500 parts per million. The injury seemed to be

manifested by the tops more than by the roots, thus resembling the

action of pyridine.

50602°—Bull. 87—12 5
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PIPERIDINE.

Solutions of piperidine in pure water killed and injured the wheat
seedlings at a lower concentration than either pyridine or picoline.

Death occurred in solutions of 250 parts per million.

When piperidine was neutralized with acetic acid it proved to

be more toxic than the alkaline piperidine itself, causing death even

at 100 parts per million. Piperidine seems to injure the roots more
seriously than the tops.

QUINOLINE.

Quinoline in aqueous solution was toxic to wheat seedlings, and
killed at a concentration of 500 parts per million. So low a concen-

tration as 5 parts per million affected them injuriously in six days.

None of the lower concentrations caused stimulation of growth.

ALLOXAN.

Alloxan has not been reported as occurring in plants, although

it is related to convicine obtained from the seeds of Vicia species

and from beet juice.

In the tests with alloxan in solutions of varying concentrations

in distilled water it was found that wheat seedlings were killed in

the solution containing 1,000 parts per million and injured in the

solution containing 100 parts per million. In the concentrations of

25 parts per million and less the compound produced a beneficial

effect.

Hutchinson and Miller report an increase in dry weight and greater

nitrogen content in peas grown in alloxan cultures.

UVITONIC ACID.

Uvitonic acid has not been found in soils, but has a close relation-

ship with picoline carboxylic acid, a soil constituent. Its effect on

plants was tested with wheat seedlings, using concentrations from 1

to 200 parts per million in pure distilled water. The relative growth

made in these solutions is shown in Table XXXII.

Table XXXII.

—

Effect of uvitonic acid on wheat seedlings.

Solutions.
Relative
green
weight.

Control in distilled water.

.

Uvitonic acid, 1 p . p. m . .

.

Uvitonic acid, 5 p. p. m. .

.

Uvitonic acid, 10 p. p. m .

,

Uvitonic acid, 50 p. p. m.

.

Uvitonic acid, 100 p. p. m

.

Uvitonic acid, 200 p. p. m

,

100

107
116
108
78
68

Dead.
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The plants growing in concentrations of 200 parts per million were
dead at the end of 12 days. It is evident that uvitonic acid is

quite harmful, even in concentrations as low as 50 parts per million,

although the lower concentrations produced stimulation in growth in

harmony with many toxic substances. It is more toxic than the

related soil constituent, picoline carboxylic acid.

SOLANTNE.

Solanine is a constituent of potato vine, especially of the young
potato sprouts. In connection with an investigation of a potato

soil the effect of this compound on potato plants was tried. The
method of procuring the potato seedlings was by sprouting the

potato sections on the perforated disk used for sprouting the wheat
seedlings, and later separating the mother potato from the young
plant, leaving the stalk and roots intact, and transferring to the

culture solution to be tested. 1

Solanine, being almost insoluble, could be used in only one con-

centration, namely, a saturated solution, which was less than 50 parts

per million. To obtain it in solution the liquid had to be boiled,

and then allowed to cool, and aerated. The control, soil extract

being used as nutrient solution, was treated in the same manner so

as to have all conditions alike, except the presence of the solanine.

For each treatment three cultures were grown. In the experiment

the growth of the control in the poor soil extract was 4.60 grams,

against only 1.83 grams for the solanine dissolved in this extract.

For the extract from a good soil, the control was 6.82 grams and the

solanine cultures 2.33 grams. The effect 'of the solanine in this

better soil extract is shown in Plate VII, figure 2.

In another experiment conducted at a different time essentially

the same results were obtained, the solanine again being dissolved by
heating as before. The soil extract control was 2.72 grams and the

corresponding solanine cultures 1.98 grams. The extract from

another soil gave 2.88 grams and the corresponding solanine culture

1.35 grams.

The effect of the solanine in water alone was also tested. Two of

the solanine plants died in this experiment and the one that survived

at the end of 18 days weighed only 0.26 gram, against 1.84 for the

three control plants in the distilled water.

It is evident that in all these cultures the solanine had a detri-

mental effect on the growth of the potato plant.

i Skinner, J. J. Water Culture Method for Experimenting with Potatoes. Plant World, 2, 249 (1908).
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SUMMARY.

This bulletin deals with the effect on wheat seedlings of a considera-

ble number of the nitrogenous compounds found in soils in the investi-

gations of this laboratory. The compounds were tested in culture

solutions containing a great variety of different fertilizer combina-

tions. Of the soil constituents tested, nucleic acid, hypoxanthine,

xanthine, guanine, creatinine, creatine, histidine, and arginine are

shown to be beneficial, choline moderately beneficial, and picoline

carboxylic acid moderately harmful. A considerable number of

related nitrogenous compounds are also included in these investiga-

tions—some were beneficial, some were harmful, and some were

without noticeable effect on growth. A comprehensive table giving

the action of all of these, as well as of some nonnitrogenous com-

pounds included in earlier work of this and other laboratories, is

given.

The chief interest centers in the action of the nitrogenous soil

constituents, nucleic acid, hypoxanthine, xanthine, guanine, creati-

nine, creatine, histidine, arginine, and choline on plant growth.

All of these compounds have beneficial effects on plant growth.

Plants grown in solution cultures containing only potash and phos-

phate show greatly increased growth when any one of these com-

pounds is added. The effect of these compounds is less marked
when nitrate is also present. It is shown, however, that under these

conditions less nitrate is used by the plant. These soil compounds

are, therefore, able to replace nitrate in its effect on plant growth.

The chemical control exercised in the experiments showed that no
decomposition of these compounds to ammonia, nitrite, or nitrate

took place.

Evidence is presented to show that the organic compounds are

absorbed by plants as such, enter into the cell, and react with the

protoplasm, causing effects either detrimental or beneficial, as the

case may be.

The theory is presented that these protein degradation products

and nucleic acid and its decomposition products are directly used in

building plant protein.

Not all nitrogenous compounds are beneficial, as a considerable

number show harmful effects, among them the soil constituent pico-

line carboxylic acid.

Guanidine is especially interesting in that it produces effects similar

to those produced by plant diseases, manifesting itself by bleached

spots on the leaves, which spread, cause wilting, and final collapse.

The effect is accentuated by nitrate and is least observable in the

total absence of nitrate.
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The results of these investigations show clearly that the soil con-

tains compounds beneficial to plant life as well as compounds inimi-

cal to proper plant development. In every soil exists a balance of

these two contesting influences, the good and the bad. Decrease in

soil productivity, in so far as it is not due to other no less prominent

factors, is due to the preponderance of that type of biochemical

action which will result in the accumulation of the harmful com-

pounds ; increase in soil productivity, on the other hand, is due to

favorable biochemical action resulting in the accumulation of com-
pounds beneficial to plants. Whether one or the other predominate

is due to soil conditions, drainage, composition, plant occupation,

etc., which can be influenced by the operations of the farm, by tilling,

by cultivation, by draining, by liming, by fertilization, and by crop

rotation. All these influence the biochemical factors in soils and
through them soil fertility.

The knowledge that beneficial and harmful organic compounds
exist in soils and play so prominent a part in the life processes of

growing plants is of fundamental significance in soil fertility and

gives a breadth of view to the subject, which, in its horizon, can not

be compared with the restricted vision imposed by the purely

mineral considerations.
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Notes on the occurrence of the organic compounds tested, together with

their chemical relationshipfrom the point of view of their probable

appearance in soils:

Alanine is related to phenylalanine and is a common splitting product of proteins,

being derived from peas, soy beans, and squash and pumpkin seeds.

Allantoin occurs in some animal fluids and has been found in the young leaves of

the Plane tree, in sprouts of Acer species, and in the bark of the horse chestnut, in beet

Juice, and extract of malt.

Alloxan is closely related chemically to convicine, which is found in beets and beans.

Amygdaline occurs in bitter almonds and in the leaves, flowers, barks, and seeds

of many other plants.

Arbutin is widely distributed among plants, especially in the Ericaceae or heath
family.

Arginine has been found in soils, in the seeds of Lupinus augustifolius, Lupinus
albus, L. luteus, and Robinia pseudacacia, and many other plants. A common decom-
position product of protein.

Asparagine occurs in young shoots of asparagus and a large number of other plants

of many different families.

Aspartic acid has been found in young sugar cane and the molasses of sugar beets,

and exists in seedlings of beans and pumpkins.

Atropine is present in the berry of Atropa belladonna, in the thorn apple, and in the

fruit of Datura stramonium.

Betaine occurs in the juice of sugar beets, is closely related to choline and neurine,

occurs widely distributed in seeds and plants.

Biuret is formed from urea by heat.

Borneol occurs in needles of pines, firs, spruces, hemlock, and golden rod, thyme,

and other plants.

Butyl alcohol is formed from glycerol by the action of certain bacteria in cow manure.

Caffeine occurs in the leaves and beans of the coffee tree, in tea, in cocoa, in cola

nuts, etc. It is related chemically to xanthine.

Camphor, the ketone of borneol, is secreted by different plants, found in the wood
of cinnamomum, sassafras leaves, cinnamon roots, spike, rosemary, basilicum roots, etc.

Choline is a derivative of lecithin and is found in many seeds and growing plants.

It has been found in soils.

Cinnamic acid is found in resin balsams, storax, tolu, etc., and occurs in the decom-

position products of the associated alkaloids of cocaine.

Cocaine is present in cocoa leaves.

Creatinine has been found in soils, and in the bran, seeds, straw, and seedlings of

wheat; rye and clover seeds, cowpea plants and potato tubers. It is a constituent of

animal flesh, barnyard manure, and urine.

Creatine is closely related chemically to creatinine.

Cumarin has been reported in grasses, clover, beets, in various dicotyledons and a

number of other plants. It can be formed from carbohydrates by the action of cer-

tain mold fungi.

Cyanuric acid is a decomposition product of biuret when heated.

Cystein is closely related chemically to cystin, which is a constant and abundant

dissociation product of most albumins.

Daphnetin occurs in various species of Daphne and is related to cumarin.

Dihydroxystearic acid is widely distributed in soils, especially in soils of low pro-

ductivity.

Esculin and esculetin, its glucoside, have been found in the bark of the chestnut

tree and other plants.
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Fumaric acid occurs free in many plants, in moss, in Fumaria officinalis, and in some

fungi.

Gluconic acid is formed from glucose by Bacterium savastanoi.

Glutamic acid occurs in the seeds of wheat.

Glutamine occurs in lemons, in cucumbers, and other plants.

Glycocoll is a protein degradation product found where decomposition L3 occurring,

has been derived from the protein of peas, soy beans, squash, pumpkin seed, and
others.

Guanidine is a constituent of many plants and can be made from arginine by oxida-

tion ; arginine is a protein decomposition product found in plants and in soils.

Guanine is a constituent of guano; has been found in the seeds of vetch, alfalfa,

clover, and gourd, in germinating barley, in sugar beet, and sugar cane. It has been

found in soil.

Hippuric acid occurs in animal urine, especially that of the horse and elephant.

Histidine occurs in many plants and is a constant decomposition product of protein.

It has been found in soil.

Hydroquinone occurs mProteamellifera; it is chemically related to quinone. It. is

obtained from quinone by reduction.

Hypoxanthine has been found in soils and is a constituent of potatoes, and the juice

of sugar beets. It is a decomposition product of nucleic acid and is closely related to

xanthine.

Lecithins are closely related to the fats in constitution, and are found in vegetable'

tissues.

Legumin occurs in the seeds of a number of plants, especially the white lupine,

pears, etc.

Leucine is a decomposition product of protein. It occurs in vetches, lupine, gourd,

molasses of the sugar beet, potatoes, corn, etc.

Lactic acid is produced from protein material by widely distributed bacteria.

Malic acid occurs free and in the form of salts in many plant juices. It is found in

unripe apples, in grapes, gooseberries, in mountain ash berries, and in Berberis vul-

garis.

Mucin has been isolated from various animal tissues and from the yams, Dioscorea

japonica and D. batatas.

Myronic acid occurs in mustard and other seeds.

Neurine is a decomposition product of lecithins. Some proteins, when decomposed

by bacterial growth, yield neurine.

Nicotine occurs in the tobacco plant.

Nucleic acid has been found in soils and is widely distributed in plants. Yields

xanthine bases on decomposition.

Nuclein is a compound of protein and nucleic acid; yields xanthine bases when
decomposed.

Peptone is a protein product and also occurs in the seeds, stems, and leaves of a

variety of plants.

Phenylalanine occurs in the seeds of Lupinus alb us and L. luteus, in peas, soy beans,

squash and pumpkin seeds.

Phloroglucin is not found as such in plants but may be derived from several aromatic

plant constituents.

Phytin occurs in rice hulls, wheat bran, and other plants.

Picoline is obtained in the decomposition of several of the alkaloids.

Picoline carboxylic acid has been found to occur in soils.

Piperidine occurs in the pepper plant and forms the nucleus of many alkaloids.

Piperonal (heliotropine) is found in the flowers of Nigritella suaveolens.

50602°—Bull. 87—12 6
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Pyridine is obtained from coal tar, and may also be obtained from nicotine, spar-

teine, and cinchonine. It is the nucleus of many of the alkaloids.

Pyrocatechin occurs in leaves and berries of Ampelopsis quinquefolia, in the sap of

Mimosa catechu and sugar beets, and in several species of willow.

Quinine occurs in the bark of calisaya and other trees of the Cinchona families.

Quinoliu forms the nucleus of many alkaloids found in plants belonging to the

families Rubiacese and Loganiacese.

Quinone has been shown to form from proteins by the action of a certain soil fungus,

StreptiihrLx chromogena, and in the decomposition of straw.

Ricin is the poisonous (to animal) principle of the castor-oil plant (Ricinus cum-

munis), and occurs in the castor bean.

Skatol is a common product of purification of proteins and is a common product of

the activities of some varieties of bacteria. It has been found in the wood of the

Javanese tree (Altis rcticulosa).

Theobromine occurs in the cocoa bean and is chemically related to xanthine.

Turpentine is present in many plants, notably the coniferous trees

.

Tyrosine is an important decomposition product of proteins. It exists as such in

plants and fungus and is widely distributed.

Urea occurs in the excreta of animals and would be present in stable and barnyard

manures.

Uric acid is related chemically to urea.

Uvitonic acid is closely related chemically to picoline carboxylic acid, which is a

soil constituent.

Vanillic acid may be formed by oxidation from vanillin.

Vanillin forms readily from a glucoside, and has been reported in oats, white lupine,

asparagus shoots, raw beet sugar, etc., in addition to its occurrence in the vanilla bean.

Xanthine, which is closely related to guanine, has been found in a number of plants.

It has also been found to occur in soils.
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